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PREFACE 


JT  may  be  eaflly  perceived  by  the  title  of 
this  work,  that  it  is  not  offered  to  the  pub- 
lic as  a  finiihed  piece  on  the  fubjedt.  To  treat 
of  the  theory  and  pradice  of  Eleftricity,  in  the 
fullefl  manner,  would  require  a  larger  treatife, 
and  employ  m.ore  time  than  I  can  devote  to  a 
work  of  this  kind. 

The  fcience  of  Ele6lricity  is  now  generally  ac- 
knowledged to  be  ufeful  and  important ;  and  there 
is  great  reafon  to  think,  that  at  a  future  period 
it  will  be  looked  up  to  as  the  fource  from 
whence  the  principles  and  properties  of  natural 
philofophy  mufl  be  derived ;  its  utility  to  man, 
will  not  be-  inferior  to  its  dignity  as  a  fcience. 

A  2  I  have 
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I  have  not  attempted  to  trace  Eleftricity  from 
its  iirft  rude  beginnings,  or  to  follow  the  mind  of 
man  in  its  various  and  irregular  wanderings,  in 
fearch  of  the  laws  by  which  it  acls,  and  the  fource 
from  whence  it  is  derived,  as  this  has  been  fo  well 
executed  by  Dr.  Priellly.  Our  view  of  things 
is  fo  circumfcribed,  and  the  myfteries  of  nature 
fo  profound,  that  it  is  not  eafy  for  us  to  deter- 
mine, Vv^hether  the  received  theory  is  founded  on 
the  bafis  of  truth,  and  conformable  to  nature,  or 
whether  we  fliall  be  confidered,  by  future  philo- 
fophers,  as  mere  children,  amufed,  and  fatisfied 
with  imperfe(5t  opinions  and  ill  digefted  theories. 
When  a  variety  of  things  is  mixed  together, 
which  have  little  or  no  connediion,  they  naturally 
create  confuiion.  It  has  been  my  endeavour,  in 
the  following  elTay,  to  colleft  and  arrange,  in  a 
methodical  and  concife  manner,  the  eflential  parts 
of  Ele<5i:ricity,  by  thefe  means  to  render  its  appli- 
cation eafy,  pleafant,  and  obvious  to  the  young 
practitioner  j;  and  by  bringing  together  experiments 
of  the  fame  kind,  make  them  mutually  illuftrate 
each  other,  and  thus  point  out  the  ftrength,  or 
difcover  the  weaknefs,  of  the  theories  that  have 
been  deduced  from  them.  Though  the  nature 
and. confined  limits  of  my  plan  did  not  admit  of 

much 
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much  variety  of  obfervation,  or  a  formal  enume- 
ration of  every  particular,  yet  few  things,  I  hope, 
of  ufe  and  importance,  have  been  omitted. 

As  I  do  not  wifh  to  Incur  the  imputation  of 
plagiarifm,  I  with  pleafure  acknowledge  the  af- 
iiftance  I  have  received  from  the  different  authors 
who  have  wrote  on  this  fubjefl.  I  have  ufed  an 
unreferved  freedom,  in  felc(5ling  from  their  works, 
whatever  I  found  to  anfwer  my  purpofe»  I  am 
particularly  obliged  to  Sir  Jofeph  Banks,  for  his 
politenefs  in  lending  me  Les  Memioires  de  TAca- 
<iemie  de  Berlin  for  1780,  at  a  time  when  I  could 
not  procure  them  elfe where. 

The  various  interruptions  and  avocations,  from 
which,  as  a  tradefman,  I  cannot  be  exempt, 
will,  I  hope,  induce  the  reader  to  make  fome 
favourable  allowances  for  any  errors  which 
he  may  difcover,  and  kindly  corjreft  them  for 
hiitifelf. 

1  beg  leave  to  avail  myfelf  of  this  opportunity 

to  acquaint  the  public,  that  I  am  now  engaged  in 

a  work  defcribing  the  mechanical  parts  of  Mathe- 

•matical  and  Philofophical  Learning,  and  explain-  * 

A3'  ing 
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ing  the  various  ufes  of  the  different  inftruments  in 
their  prefent  ftate  of  improvement ;  which,  I  truft, 
will  greatly  tend  to  facilitate  the  attainment  of 
knowledge,  and  accelerate  its  progrefs.  For  this 
purpofe  I  have  been  at  a  confiderable  expence  in 
colledting  fuch  materials  as  may  enable  me  to 
offer  to  the  public  fome  elfays  on  this  fubjed, 
which  I  hope  will  not  be  found  unworthy  of  its 
patronage,  and  which  I  mean  to  publilh  with  all 
convenient  fpeed. 
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E      S      S     AY 

ON' 

ELECTRICITY. 


CHAP.     I. 

Of  EkBricity    in   general, 

IT  mull  appear  furprifing  to  every  fearcher 
after  truth,  that  Electricity,  which  is  now 
allowed  to  be  one  of  the  principal  agents . 
employed  in  producing  the  phoenomena  of 
nature,  fliould  have  remained  fo  long  in  obfcu- 
rity ;  for,  comparatively  fpeaking,  its  exiftence 
was  not  known  to  the  ancients.  They  were  not, 
indeed,  altogether  ignorant  of  the  peculiar  pro- 
perties of  thofe  bodies  that  we  now  term  eled:ries 
per  fe ;  neverthelefs  their  knowledge  was  cir- 
cumfcribed,  becaufe  the  mode  of  acquiring 
h  was  limited.     Very  little  progrefs,  therefore, 
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was  made  in  this  branch  of  natural  hidory,  till 
the  happy  period  arrived,  when  the  philofopher 
was  emancipated  from  the  chains  of  hypothetic 
reafoning,  and .  the  uncertainties  of  vain  con* 
jedlure. 

The  exiflence  of  this  fubtle,  and  in  moH  ca- 
fes inviiible,  power,  was  then  traced,  and  many 
of  its  properties  developed  ;  its  agency  was  dif- 
covered  to  be  univerfal,  and  its  extent  unli- 
mited. 

Ele&icity  has  been  dignified  in  a  peculiar 
manner,  by  engaging  the  attention  of  the  phi- 
lofophic  hiftorian  ;  who  has  delineated,  in  a  very 
pleaiing  m.anner,  the  gradual  progrefs  of  its 
difcoveries.  He  has  defcribed  the  different 
theories  that  have  been  invented  to  account  for 
its  various  phoenomena  ;  has  communicated  to 
the  public  many  valuable  experiments  of  his 
own  ;  and  pointed  out  the  extenfi;ve  field  which, 
remains  to  be  invefl:igated. 

Since  the  publication  of  Dr.  Prieftley's  Hif- 
tory,  the  eie&ical  apparatus  has  been  eonfidera- 
bly  augmented,  and  many  new  experiments 
have  been  made.  To  defcribe  the  one,  and  to 
arranp-e  the  other,  under  fuch  heads  as  will 
point  out  the  connexion  between  the  experi- 
ments and  the  received  theory  of  eledtricity^ 
was  one  of  the  principal  views  I  had  in  com- 
pofing  this  effay.    I  alfo  wifbed  to  put  into  the 
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hands  of  my  cuftomets  a'tra<fl,  which  might 
enable  xhein  to  ufe,  with  eafe  and.  fatisfadtion, 
the  eled:rical  machines  and  apparatus  which  I 
recommends 

As  eleftricity  is  in  its  infancy,  when  con- 
iidered  as  a  fcience,  its  definitions  and  ax- 
ioms <;annot  be  ftated  with  geometric  accuracy. 
I  fhall,  therefore,  endeavour  to  avoid,  as  much 
as  poffible,  the  ufe  of  pofitive  expreffion  ;  I 
wifh  to  invite  the  reader  to  examine  the  expet 
riments  himfelf,  to  compare  them  one  with 
another j  and  then  draw  his"  own  conclufions. 

Experiment      I. 
Rub  a  dry  glafs  tube  with  a  piece   of  dry 
filk,   preient   light   bodies,    as   feathers,    pith 
balls,  &c.   to  it,    they,  will  be  itrfl  attracted, 
and  then  repelled. 

Experiment     IL 

Rub  a  dr}'  (lick  of  fealing  wax,  it  will  firft 
attract  and  afterwards  repel  thofe  light  bodies 
that  are  brought  near  to  it^ 

The  fridion  in  the  rvv^o  preceeding  experi- 
ments has  put  in  adion  an  agent,  or  power, 
which  attrafts  and  repels  light  bodies  ;  thisi 
power  is  called  Elediricity. 

A  certain  quantity  .or  natural  Ihare   of  the 

eleftric  fluid,  is  fuppofed  to  be  dilTcminated  in 
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all  bodies,  in  which  Hate  it  makes  no  impreflion 
on  our  fenfes  ;  but  when,  by  the  powers  of 
nature  or  art,  this  equilibrium  is  deflroyed, 
and  the  body  becomes  poffeffed  of  more  or  lefs 
than  its  natural  fliare,  thofe  effects  are  produced 
which  we  term  eleflrical,  and  the  body  is  faid 
to  be  elecflrified. 

Any  fubftance,  that  is  made  by  friftion  to 
exhibit  eledric  appearances,  is  faid  to  be  ex- 
cited. 

Amber,  filk,  jet,  dry  wood,  and  a  variety  o-f 
other  fubftances,  being  excited,  attract  and  re- 
pel light  bodies  ;  thefe  are  called  eleftrics. 
Such  fubflances,  as  mettals,  water,  &c.  the 
fritlion  of  which  will  not  produce  this  power 
of  attraction  and  repulfion,  are  called  non- 
cledlrics. 

When  the  excited  glafs  tube,  or  flick  of  feal- 
ing  wax,  is  in  good  order,  pencils  of  light  will 
dart  from  them  fpontaneoufly,  in  a  beautiful 
manner,  and  a  fnapping  noife  will  be  heard  ©n 
the  approach  of  any  condudor. 

Experiment      TIL 

Let  a  metallic  cylinder  be  placed  upon  filk 
lines,  or  upon  glafs,  bring  an  excited  eledric 
near  to  it,  and  every  part  of  the  metallic  cylin- 
der will  attrad  and  repel  light  bodies,  as  foEci . 
bly  as  the  excited  electric  itfelL 

Ex- 
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Experiment      IV. 

Support  a  dry  glafs  rod  on  filk  lines,  or  by 
glafs,  bring  an  excited  eledric  near  it,  and  no 
attra(5lion  or  repulfion  will  take  place ;  becaufe 
die  eiedtriclty  cannot  be  tranfmitted  through  it. 

Thole  metallic  bodies  which  poffefs  the  power 
of  tranfmitting  ele6tricity,  are  called  condudors, 
Thofe  fubftances,  which  are  impervious  to  elec- 
trfcity,  are  called  non-condu6lors. 

A  body  which  communicates  with  nothing 
but  eleflrics,  is  faid  to  be  infulated. 

The  mofl  important  and  lingular  effeds  of 
eledlricity  would  have  remained  in  obfcurity, 
if  this  power  in  fome  bodies,  to  refill  the  palTage 
of  eledtricity  through  their  fubftances  and  over 
their  pores,  had  not  been  difcovered.  Inftancos 
of  the  truth  of  this  alTertion  will  occur  in  almoll 
every  page  of  this  eflay. 

We  learn,  from  the  3d  and  4t4i  experiments, 
that  the  elecflric  powers  may  be  communicated 
to  infulated  conducing  fubftances  by  excited 
eledlrics ;  that  thefe  will  then  attraft  and  repel 
light  bodies,  &c.  fimilar  to  the  electric  Itfelfj  with 
this  difference  only,  that  a  conductor,  which  has 
received  eledricity,  parts  with  it  at  once,  when  it 
is  touched  by  another  conduftor  that  commu- 
jiicates   with   the   earth;    whereas   the  excited 
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elecflric,  under  the   fame   circumllances,    only, 
lofes  its  eledlricity  partially,'  ^ 

Experiment      V, 

Elefirify,  with  excited  glafs  or  fealing  wax, 
two  infulated  cork  bajls,  fufpendcd  by  lines 
about  6  inches  longj  and  the  bails  will  fcparate 
from  and  repel   each  other. 

Experiment      VI. 

Eleflrify  one  ball  with  glafs,  the  other  with 
fealing  wax,  and  they  will  be  mutually  attra(5^-. 
cd. 

Thefe  two  oppofite  and  remarkably  diftinft 
efFedls  in  the  attra(5live  and  repuliive  powers  of 
eleftricity,  were  difcovered  at  an  early  period 
of  the  hiftory  of  this  fcience 

The  eled:ric  power  produced  by  the  excita- 
tion of  glafs  is  called  pofitive  ele6tricity,  and 
the  power  produced  by  the  excitation  of  fealing 
wax  is  called  negative  electricity.  This  differ-r 
ence  was  at  firft  thought  to  depend  on  the  elec- 
tric, and  that  the  two  kinds  of  electricities 
were  eflentially  diitind  ;  but  it  is  now 
known,  that  each  of  thefe  powers  may  be  pro-- 
duced  from  the  excitation  of  either  glafs  or 
fealing  wax. 

The  difcovery  of  thefe  dillinguiiliing  cha- 
ra<^eriltics  in  electric  fubftances,  engaged  phi- 
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lofbphers  in  an  experimental  enquiry:  into  the 
ele<5lric  properties  of  moft  bodies,  to  afcertain 
whether  tiiey  poffefTed  the  poiitive  or  negative 
powers.  By  this  means  the  catalogue  of  electric 
bodies,  which  originally  was  very  fmatl^  is  now 
rendered  exceedingly  extenfive,  as  will  be  feen  by 
the  following  tables,  which  ^re  taken  from 
Dr.  Prieflley's  Hiftory  and  Mr.  Cavallo's  Com- 
pleat  Treatife  of  Electricity. 

Catalqgue  of  conduding  fubflances. 
:  I.   Stony  fubftances. 

Stony  fubflances  in  g-eneral  condu(fl  Very .  welli 
though  dry  and  warm, 

Lime-ftone  and  lime  juft  burnt  are  equally 
imperfe<5t  conduftors. 

Marbles  condu<5t  confidcrably  better  than 
free-ltone,  and  there  is  found  very  little  differ-* 
ence  among  any  of  the  fpecimens  of  marble 
that  have  been  tried. 

A  large  piece  of  white  fpar  with  a  tinge  of 
blue  and  femi-tranfparent,  will  hardly  conduct 
in  the  leaft  degree  :  pretty  ftrong  fparks  may  be 
taken  from  the  prime  conduftor,  while  it  is  in 
contaft  with  it. 

A  piece  of  agate,     femi-pellucid,    receives 

the  eleftric  fpark   into   its   fubftance ;   though 

it    will   pafs   over    about    three    quarters    of 

an  inch  of  its  furface  to  reach  the-fiager  that> 
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holds  it^  and  it  difcharges  the  battery  but 
flowly. 

A  piece  of  ilate,  fuch  as  is  commonly  ufed 
to  write  on,  is  a  much  better  condu6lor  than  a 
piece  of  free-flone,  which  condudls  but  poorly. 

Touch-ftone  condu<5ls  pretty  well. 

A  piece  of  gypfum  and  plaifter  of  Paris  con-^ 
duft  very  well,  only  the  latter  having  a 
fmoother  furface  takes  a  llronger  fpark. 

A  piece  of  afbeft  from  Scotland,  juft  as  it  is 
taken  from  its  bed,  will  not  conducft.  While 
in  contafl  with  the  condu6l:or,  fparks  may  be 
taken  at  the  diflance  of  half  an  inch  with  a  n>o- 
derate  eledtrification. 

A  piece  of  Spanifh  chalk  conduds  much 
like  marble 

A  piece  of  Egyptian  granite  condu(5ls  confix 
derably  better  than  free-ftone, 

2.  Saline  bodies, 

Oil  of  vitriol  conducT:s  very  well. 

The  metallic  falts  in  general  conducfl  better 
than  any  neutrals, 

Vitriol  of  copper  and  of  iron  conduct  very 
well,  though  they  will  not  tranfmit  a  Ihock, 

Vitriolated  tartar  gives  a  fmall  fhock» 

Saltrpetre  does  not  "condu(5l  fo  well  as  fal- 
ammoniac.  If  the  eledric  explofion  pafTes 
oyer  its  furface,  it  difperfes  into  a  great  num^ 
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ber  of  fragments,  in  all  direflions,  with  con* 
iiderable  violence. 

Volatile  fal-ammoniac  gives  a  fmall  Ihock* 

Rock-falt  condu(5ls,  but  not  quite  fo  well  ais 
allum ;  the  eledric  fpark  upon  it  is  peculiarly 
red. 

-  Sal-ammoniac  exceeds  rock-falt  and  allum  in 
its  condu<fling  powers,  but  will  not  take  the 
ieafl  fenfible  fpark ;  fo  that  it  feems  made  up 
of  an  infinite  number  of  the  fineit  points. 

Salenitic  faits  condudt  but  poorly. . 

By  allum  the  explofion  is  attended  with  a 
peculiar  hiffing  noife,  like  that  of  a  fquib. 

3.  Inflammable  bodies. 

A  piece  of  pyrites,  of  a  black  colour,  takes 
fparks  at  a  confiderable  diflance  from  the  prime 
conduftor,  like  fome  of  the  inferior  pieces  of 
charcoal. 

Another  piece  of  pyrites,  which  has  been 
part  of  a  regular  fphere,  confilling  of  a  Ihining 
metallic  matter,  will  not  conducl  near  fo  well, 
though  much  better  than  any  other  ftony  fub- 
ftance.  It  is  a  medium  betwixt  a  ftone  and 
an  ore. 

Black-lead  in  a  pencil  condufls  a  ihock  feem^ 
ingly  like  metal  or  charcoal,  A  fmall  lump  of 
it  takes  as  full  ^nd  ftrong  a  fpark  from  tlic 
prime  condudqr  as  a  brafs  knob, 

^  4,  Metals' 
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-■.    .  _  4.   Metals  and  ores. 

A  piece  of  gold  ore  from  Mexico  is  hardl}? 
to  .be  diftingiiifned  in  this  refped  from  the  me- 
tal itfelf. 

A  piece  of  filver  ore  from  Potoli,  though 
mixed  with  pyrites,  conducts  very  well. 

Two  pieces  of  copper  ore,  one  the  mofl  va- 
luable that  is  known,  and  another  of  only 
half  the  value,  are  hardly  to  be  diftinguilhed 
from  one  another  in  their  conducing  power. 

Lapis-hsematites  condudls  pretty  well. 

Blaek-fand  from  the  coail  of  Africa,  which 
is  a  good  iron  ore,  and  part  of  which  is  aifeded 
by  the  magnet  as  much  as  fteel  filings,  is  found 
to  condufl  elediricity,  but  not  a  Ihock.  Sepa- 
rating with  the  magnet  all  that  will  be  eafily 
attradled  by  it,  it  condufts  a  Ihock  very  well ; 
the  reft  would  hardly  condud:  at  all. 

Even  the  ores  in  which  the  metal  is  mineral- 
izedwith  fulphur  or  arfenic,  as  the  ores  of  lead, 
tin,  and  cinnabar,  the  ore  of  quickfilver,  are 
little  inferior  to  gold  and  filver  ore. 

Ores  that   contain  nothing  but  the  earth  of 
the  metal,  condu(5l  eleftricity  little  better  than 
other   ftones. 
.  Lead,  tin,  iron,  brafs,  copper,  filver,  and  gold. 

5.    Fluids. 
The  fluids  of  an  animal  body. 
All  fluids,  excepting  air  and  oils. 

The 
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-••The  efflavia-  6f  flaming  bodies. 

-    Snow,  fmoke,  the  vapour .  of  hot  water,  the 

vacuum  produced  by  an  ait  pump,  charcoal,  &c. 

-'-- -Eleflric  bodies, 

'  Amber,  jet, .  pitch  ;and  fulphur ;  like  wife  all 
the  precious  Hones,  as  diamonds,  rubies,  garnets, 
tppazes,  hyacinths  chryfolites,  emeralds,  fa- 
phires,  amethyfts,  opals,  and  efpecially  tour- 
malins :  all  refins  and  reiinous  compounds, 
vyax,  filk,  ,  cotton  ;  aU  dry  animal  fubllances, 
as  feathers,  wool,  hair,  paper,  &c»  W^iite 
fugar,  air,  oil,  chocolate,  calxes  of  metals,  dry 
vegetables,  &c. 

The  real  and  intrlnfic  difference  between 
eletflrics  and  non-elc6lrics,  remain  amono;  the 
electric  deiiderata  ;  for,,  nothing.,  more  is  afoer- . 
tained,  than,  that  the  conducting  power,  in 
fome  nieafure,  depends  upon,  or  is  governed 
by  heat,  Glafs,  reiin,  and  many  other  articles, 
are  made  condu<5i:ors  by  heat ;  while  on  the 
contrary,  cold,  if  not  attended  with  moillure, 
renders  every  electric  fubltance  more  electric. 

Mr,  Achard,  of  Berlin,  has  publifhed,  in 
Rozier's  Journal  de  Phylique,  a  very  ingenious 
paper  on  thisfubjedt ;  in  which  he  proves,  by 
experiment,  ift.  That  certain  circumftances  will 
caufe  a  body  to  condud  elediricity  which  before 

was 
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was  a  non-condu(5lor.  2d.  That  thefe  circumftan- 
ces  are  the  degrees  of  heat  to  which  this  body- 
is  fubje<^ed.  He  endeavours  to  fhew,  that  the 
principal  changes  which  take  place  in  any  fub- 
llance  from  an  increafe  of  heat  are  an  augmenta- 
tion in  the  fize  of  its  pores,  and  an  increafe  of  ve- 
locity in  the  igneous  particles  contained  in,  and 
a<5ling  on,  that  body.  He  then  proves,  that  the 
lail  circumftance  does  not  occafion  the  alteration 
in  the  eledric  properties ;  and  infers,  agreeable 
to  the  fyflem  of  Mr.  Euler,  that  the  principal 
diiFerence  between  conductors  and  non-condufl- 
ors  of  electricity  coniifts  in  the  lize  of  the  pores 
of  the  conftituent  parts  of  the  body. 

In  another  interefting  paper,  which  is  pub- 
lifhed  in  the  Memoirs  of  the  Academy  of  Ber- 
lin fof  1779,  Mr.  Achard  has  Ihewn  the 
analogy  between  the  produ(5tion  and  efFe<fts  of 
eledricity  and  heat  ;  and  alfo,  between  that 
property  in  bodies  by  which  they  condufl  the 
electrical  fluid,  and  that  which  renders  them 
fufceptible  of  heat.  He  gives  an  account  of  a 
new  inllrument,  adapted  to-  afcertain  the  quan-- 
tity  of  the  eleCtrical  fluid  which  is  conducted 
by  bodies  of  different  natures,  placed  in  the 
fame  circumflances. 

By  means  of  this  inftrument  it  is  poflible 
to  afcertain,  with  great  accuracy,  the  quantity 
of  electricity  a  body  lofes  in  a  given  time,    by 

touching 
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touching  another  body  that  is  not  eledlrified. 
He  has  not  yet  favoured  the  public  with  an 
account  of  the  experiments  he  has  made  with 
it  ;  only  fays,  that  he  has  conflantly  ob- 
ferved,  that  thofe  bodies  which  lofe  and  re- 
ceive with  difficulty  their  prefent  degree  of 
heat,  receive  alfo,  and  lofe  with  difficulty,  their 
eled:ricity.  A  defcription  of  the  inltrument 
will  be  given  in  this  effay. 

A  lift  of  eledric  fubflances,  and  of  the  dif- 
ferent eledricities  produced  by  them. 

The  back  of  a  cat  I  Pofitive  XEveryf"bftancemth 

)  i   ic  has  been  hitherto  tried, 

}f  Every   fubftance   hitherto 
Pofitive  <    tried,  except  the  back  (rf 
L    a  cat. 

Pofitive  i^^y    °^^***  ^^^^*    fulphur, 
^       metals. 

Rough  glafs  ^  f  Woollen  cIoth,quills,woodi 

Negative  <    paper,  fealing- wax,  white 

^  (    wax,  the  human  hand. 

Pofitive  <  Amber,    air.  * 
Negative  ^  Diamond,  human  hand, 

^  f  Metals,    filk,    loadftone, 

/   Pofitive   <     leather,     hand,    paper. 
Hare's  ikin  S  L     baked  wood. 

\  Negative  <  Other  finer  furs. 

♦  i.  e.  By  blowing  with  a  pair  of  bellows  upon  it.  By 
this  means  many  eleftrics  may  be  excited,  and  fome  betted 
if  the  air  blown  is  hot,  although,  in  botk  cafeg,  very  litt]* 
dedricity  can  be  obtaingd. 

WhAte 


Tourmalia 


} 
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White  filk 


T>  r^-       S  Black  filk,  metals,  black 

P°^^^^^^  i      cloth. 

XT      ,•      S  Paper,  hand,  hairs,  weafers 
Negative  ^  .  J^^^' 

Pofitive  A  Sealing  wax. 

Black  filk  ^  {-  Hare's,  weazel'Sj  and  fer- 

one* 


>  r  narc  s,  weazelSj  and  te 

Negative  J    ret's     fkins,      load  lion 
I  (_    brafs,  filverj  iron,  hand. 


Pofitive  \  Metals 

Sealing  wax  ^  r  Hare's^   weafel'sj  and  fef- 

Negative  J    ret's  flcins,  hand,  leather^ 
(_    woollen  cloth,  paper. 


Pofitive  \  Silk 


Baked  wood. 


I  Silk 


Negative  <  FlanneU 


Many  eircumilances,  apparently  trifling,  will 
occafion  an  alteration  in  tliefe  contrary  eledtrici-* 
tiesi  It  has  been  faid,  that  of  two  equal  fub-- 
ilances  rubbed  together,  that  which  fufiers  the 
greateft  friftion^  or  is  moil  heated,  acquires 
the  negative  eleftricity.  Though  this  in  many 
.  feafes  holds  true,  with  refpedt  to  filk  ribbons,. 
Vet  Mr.  Bergman  fays,  that  if  the  ribbon  A  be 
black,  it  will  never  become  pofitive,  unlefs  B  be 
black  likewife*  With  pieces  of  glafs  the  effed: 
is  contrary  ;  for,  if  they  are  both  equal,  the 
piece  A,  which  is  drawn  acrofs  the  piece  B, 
becomes  negative ;  and  B,  which  fufFers  the 
greatefl  fri(ftioh,  becomes  pofitive*  Heating 
by  fire  produces  the  fame  efFed:  as  the  greater 

fridiion* 
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friftion.  If  one  piece  of  glafs  be  thicker  than 
the  other,  the  former  becomes  pofitive,  the 
latter  negative.  Coloured  glafs,  even  when; 
heated,  becomes  negative,  if  rubbed  with  com- 
mon white  glafs.  If  a  piece  of  blue  glafs  is 
tubbed  againft  a  green  one,  the  blue  glafs  be- 
comes ftrongly  pofitiVe,  &:c.  — —  Bergman 
Swediih  Tran.   1765. 

The  electricities  produced  by  hair  and  glafs 
rubbed  together  feem  to  balance  each  other, 
and  are  therefore  different  aecordinrt-  to  the  man- 
ner  of  rubbing  and  the  quality  of  the  hair. 

Hair  of  a  living  animal,  or  hair  newly  cut, 
when  rubbed  with  a  glafs  tube  lengthways,  is 
politive ;  and  here,  the  glafs,  which  fuffers  the 
greateft  fridiion,  is  negative.  But  if  the  glafs 
tube  be  drawn  acrofs  the  animal's  back,  or 
acrofs  a  Ikain  of  hair  newly  cut,  the  glafs  be-* 
comes  positive.  Old  dry  hair,  rubbed  on  glafs 
or  on  living  hair,  always  becomes  negative  ; 
but,  if  the  hair  is  a  little  greafed  with  tallow, 
the  fame  effed:  is  produced  as  with  living  hair, 
Wilke  Swed.  Tranf.   1769. 

Ele6:rics  differ  from  each  other  with  refpe^ 
to  the  facility  with  v/hich  they  are  excited, 
their  force  when  excited,  and  the  pov/er  with 
which  they  retain  the  effects  of  the  excita- 
tion. 

Sill?, 
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Silk  feems  preferable  to  any  other  eleftric 
fubftance,  for  exhibiting  a  permanent  and  flrong 
attraflive  and  repuliive  power. 

Glafs  appears  to  have  the  advantage  in  ex- 
hibiting the  eledtric  light,  attradion  and  repul- 
fion  in  quick  fucceffion,  in  a  very  vigorous 
though  not  a  durable  manner. 

Negative  ele6lrics,  as  amber,  gum-lac,  lyl-> 
phur,  refin,  and  all  refinous  fubftances,  exhi- 
bit the  eledtric  appearances  for  the  greatefl 
length  of  time.  A  lingle  excitation  is  fuffici- 
ent  to  make  them  do  fo  for  many  weeks,  in 
favourable  circumftances*  They  are  alfo  re- 
markable for  the  ftrong  eleftric  powers  which 
they  communicate  to  conducting  bodies  that 
come  in  conta6l  with  them  ;  and  which  they 
will  continue  to  communicate  for  a  confiderablc 
time» 
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CHAP*      II. 

t)f  the  EleBrical  Machine  ;   with  DireSlioni 
fir  exciting  it^ 

S  loon  as  the  properties  of  electricity  wer^ 
in  fome  meafure  developed,  the  philofo- 
pher  and  the  artiil  concurred  in  contriving  and- 
executing  a  variety  of  machines  to  excite  and 
accumulate  this  extraordinary  agent.  The 
greater  part  of  thefe  have  been  laid  alide,  in 
proportion  lis  the  fcience  advanced,  and  its 
boundaries  were  extended.  I  ihall,  therefore, 
only  defcribe  that  eleftrical  machine  which  is 
now  in  general  wfe,  whofe  conllrudion  is  fim-* 
pie,  and  well  adapted  to  produce  the  eleflric 
fluid  in  great  quantities,  and  to  tranfmit  it 
in  full  and  continued  flre^ams  to  the  prime  con- 
duftor. 

Fig.  I  and  2,  Plate  1,  feprefent  two  eled:rl- 
cal  machines  made  on  the  mofl  approved  coh- 
flr  action*  They  are  both  mounted  and  ufed  in 
the  fame  manner,  and  differ  qnly  in  the  me- 
qhanifm  by  which  the  cylinder  is  put  in  mo^ 
tion. 

The  cylinder  of  fig.  2  is  turned  round  by 
means  of  the  two  wheels  a  b,  c  d,  which  adt 
on  each  other  by  a  catgut  band,  part  of  which 
is  feea  at  e  -and  f  ;  that  of  the  machine  repre- 
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fented  in  fig.  t,  is  put  in  motion  by  a  fimple 
winch,  which  is  lefs  complicated  than  the 
dther,  and  is  not  liable  to  be  out  of  order. 
Many  pradiical  ele<ftricians,  however,  prefer  s 
machine  which  is  moved  by  a  multiply- 
ing wheel;  They  think  that  it  fatigues  the 
operator  lefs  than  that  which  rs  moved  by  a 
fimple  winch  ;  and  further,  that  a  moderate  in- 
ereafe  of  velocity  in  the  cylinder  augments  the 
momentum  of  the  eledtric  fluid,  and  produces  a 
greater  quantity  of  it  in  the  fame  time,  which 
prevents  its  being  abforbed  by  the  culhion. 

As  the  two  machines,  which  are  reprefented 
in  fig.  I  and  2,  plate  I,  are  nearly  fimilar,  the 
fame  letters  of  reference  are  ufed  in  defcribinsc 
them. 

Fig.  I  and  2,.  ABC  reprefents  the  bottom 
board  of  the  machine,  the  two  perpendicular 
fupports  D,  E,  which  fuilain  or  carry  the  glafs: 
cylinder  F  G  H  I,  are  firmly  fixed  to  the  board 
ABC;  the  axis  by  which  the  cylinder  i» 
moved  is  fi,xed  into  two  caps,  which  are  made, 
fometimes  of  brafs,  and  fometimes  of  wood; 
one  is  cemented  on  each  end  of  the  cylinder, 
K,  fig.  I  and  2,  reprefents  one  of  thefe  caps- 
The  axis  of  the  cap  K  paiTes  through  the  fup- 
port  D  ;  on  the  extremity  of  this  axis  a  fimple 
vvinch  is  fitted,  as  in  fig.  i,  or  a  pulley,  as  in 
fig,  2.     The  axis  of  the  other  cap  runs  in  a.; 
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fmall  hole  which  is  fitted  into  the  top  of  the 
fupport  E»  O  P  is  the  glafs  pillar  to  which 
the  culhlon  is  fixed,  T  a  brafs  fcrew  at  the  bot- 
tom of  this  pillar,  which  is  to  regulate  the 
prefTure  of  the  cufhion  againfl  the  cylinder; 
g  h  i  a  piece  of  filk  that  comes  from  the  under 
edge  of  the  cufliion  and  palTes  over  the  cylin^ 
der  till  it  almoft  touches  the  collecfling  points 
of  the  conduftor*  Near  the  top  of  the  glafs 
pillar  OP  is  an  arm  of  wood,  to  fupport  a  con- 
ductor connected  with  the  culhion,  which  is 
called  a  negative  condudtor.  In  both  figures 
this  is  fuppofed  to  be  fixed  clofe  to  the  culhion, 
and  to  lye  parallel  to  the  glafs  cylinder*  In 
fig*.  I  it  is  brought  forwards,  or  placed  too  near 
the  handle,  in  order  that  more  of  it  may  be  in 
fight,  as  at  R  S ;  in  fig.  2,  the  end  R  S  only 
is  feen^ 

Y  Z,  fig*.  I  and  2,  reprefents  the  pofitive 
prime  condudior,  or  that  which  takes  the  elec- 
tric fluid  immediately  from  the  cylinder,  L  M 
the  glafs  pillar  by  which  it  is  fupported  .an^ 
infulated,  and  V  X  a  wooden  foot  or  bafe  for 
the  glafs  pillar.  In  fig.  r,  this  conduftor  is 
placed  in  a  dire<5lion  parallel  to  the  glafs 
cylinder ;  in  fig.  1  it  ftands  at  right  angles 
to  the  cylinder;  it  may  be  placed  in  either 
pofition  occafionally,  as  is  moil  convenient  to 
the  operator. 

C  ^  Jf 
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If  the  negative  conduttor  is  required  to  be 
placed  at  right  angles  to  the  cylinder,  and  pa-^ 
rallel  to  the  conduftor  Y  Z,  fig.  2,  it  mu{! 
be  fixed  on  an  infulating  (land,  and  be  conneft- 
cd  with  the  cufhion  by  a  vvire^  which  pafiTea 
under  the  cylinder. 

E X P  E  R  I  M  EN  T       VII. 

Put  the  machine  in  adtion,  connedt  the  cu- 
Ihion  by  a  chain  with  the  ground,  and  thofe 
bodies  which  communicate  with  the  pofitive 
condud:or  will  be  cledlrified  pofitively.  Con- 
ned: the  pofitive  conductor  with  the  earth  by  a 
chain,  take  off  the  chain  from  the  cufhion, 
and  thofe  bodies  which  communicate  with  the 
negative  cendui^tor  v/ill  be  eled:rified  nega-. 
tively. 

The  principal  parts  of  an  eled:rical  machine 
are,   ift.  The  ekftric,  as  the  glafs  cylinder. 

2d.  Thofe  mechanical  contrivances  by  which 
the  cylinder  is  put  in  motion. 

3d.  The  cufhion  and  its  appendages. 

4th.  The  two  prime  condufiiors. 

Before  the  electrical  machine  is  put  in  mo- 
tion, examine  thofe  parts  of  it  which  are  lia- 
ble  to  be  injured  by  friclion,  or  by  dirt  or 
grit  between  the  rubbing  furfaces,  particularly 
,the  axes  which  work  in  the  wooden  fupports- 
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D  and  E,  likcwlfe  the  axes  of  the  large  wheel  c  d, 
fig.  2.  When  the  cufhion  is  taken  off,  the  cy- 
linder fliould  move  exceedingly  free.  If,  on 
turning  it  round,  any  grating  or  difagreeable 
noife  is  heard,  difcover  the  place  from  whence 
it  arifes,  wipe  it  clean,  and  then  rub  over  it  a 
linall  quantity  of  tallow.  Examine,  in  the 
lame  manner,  the  axis  of  the  large  wheel  c  d, 
fig.  2.  Put  a  drop  of  oil  occafionally  to  the 
axis  of  the  cylinder ;  examine  the  fcrews  that 
belong  to  the  frame  or  cylinder,  and  if  they 
are  loofe  tighten  them. 

Wipe  the  glafa  cylinder  carefully,  to  free  it. 
from  that  moiflure  which  glafs  attracts  from 
the  air ;  be  particularly  attentive  to  leave  none 
on  the  ends  of  the  cylinder,  becaufe  any  damp 
that  remains  on  thefe  will  convey  the  eledtri- 
qity  from  the  cylinder  to  the  fupports.   Sic. 

Tajke  care  that  no  duft,  loofe  threads,  or  any 
filaments  adhere  to  the  cylinder,  its  frame,  the 
condud:ors,  or  their  infulating  pillars ;  becaufe 
thefe  will  gradually  dillipate  the  electric  fluid, 
and  prevent  the  machine  from  ading  power- 
fully. 

Rub  the  glafs  cylinder  firft  with  a  clean, 
coarfe,  dry,  warm  cloth,  or  a  piece  of  wafli 
leather,  and  then  with  a  piece  of  dry,  warm, 
foft  filk  ;  do  the  fame  to  all  the  glafs  infulating 
pillars  of  the  machine  and  apparatus ;  thefe  pii' 
C  3  Irs 
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lars   muft   be   rubbed   more   lightly   than  the 
cylinder,  becaufe  they  are  varniilied.. 
'    A  heated  iron   is   fometimes  placed  on  the 
foot  of  the  condudora  to  evaporate  the  moiftur^r 
which  would  injure  the  experiments. 

In  order  to  find  out  an  efFeduai  mode  of  ex- 
citing powerfully  an  eleclrical  machine,  it  is 
neceffary  to  frame  an  idea  of  the  mechanifm  by 
which  the  cylinder  extradls  the  eleilric  fluid 
from  the  cuihion,  and  thofe  bodies  which  are 
connedled  with  it ;  I  have,  therefore,  fubjoined 
thofe  conjedures  on  which  I  have  worked,  and 
"by  which  I  have  been  able  to  excite,  in  the 
moll  powerful  manner,  thofe  machines  which 
have  paffed  through  my  hands. 

It  appears  to  me,  that  the  refinance  of  the 
air  is  leffened,  or  a  kind  of  vacuum  is  produ- 
ced, where  the  cuihion  is  in  clofe  contad:  with 
the  cylinder.  The  eledlric  matter,  agreeable 
to  the  law  obferved  by  all  other  elaftic  fluids, 
is  prefTed  towards  that  part  where  it  finds  leafh 
refinance  ;  the  fame  inflant,  therefore,  that  the 
cylinder  is  feparated  from  the  cufhion,  the  fire 
ifTues  forth  in  abundance.  The  more  perfed: 
the  continuity  is  made,  and  the  quicker  the  fo^ 
lution  of  it,  the  greater  is  the  quantity  which 
will  proceed  from  the  eufliion.  But,  as  the 
fluid  in  this  fituation  will  enter  v/ith  avidity 
every  conducing  fubflance  that  is  near  it,  if 

any 
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any  amalgama  lies  above  that  part  of  the  cu- 
ihion  which  is  in  contad  with  th$  cylinder,  it 
will  abforb  and  carry  back  part  of  the  ele<5tric 
fire  to  the  refervoir  from  whence  it  was  ex- 
tracted. 

If  thefe  conjedures  be  true,    to  excite  an 
eledlrical  machine  effedually,  we  mnft, 

I  ft.  Find  out  thofe  parts  of  the  cuiliion  which 
are  preffed  by  the  glafs  cylinder. 

2d.  Apply     the     amalgama    only    to   thofe 
parts. 

3d.  Make  the  line  of  contad  between   the 
cylinder  and  cufhion  as  perfefl  as  poffible, 

4th.  Prevent  the  fire  that  is  coUcded   from 
cfcaping. 

About  the  year  1772  I  applied  a  loofe  flap  of 
leather  to  the  front  of  the  cufhion  ;  th-e  amalga- 
ma was  fpread  over  the  whole  of  the  flap  ;  the 
cufhion  was  then  put  in  its  place,  and  the  loofe 
flap  of  leather  doubled  down,  or  rather  turned 
in,  more  or  lefs,  till  by  fucceffive  experiments 
the  fituation  was  difcovered  which  produced 
the  greateft  efFed ;  for,  by  this  means,  the 
quantity  of  amalgama  ading  againft  the  cy*- 
linder  was  leflened.  I  was  naturally  led  to 
contrad  the  breadth  of  the  cufliion,  and  place 
it  in  fuch  manner  that  it  might  be  eafily  raifed 
or  lowered. 

C  4        -  Th« 
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The  advantages  gained  by  this  method  wem 
conliderably  improved  by  a  very  ingenious 
Gentleman.  He  glued  a  bit  of  leather  on  a 
large  piece  of  cork,  and  placed  his  amalgama 
on  the  leather  ;  with  this  he  rubbed  that  zone 
of  the  glafs  cylinder  which  bears  againft  the 
cufnion.  By  this  excellent  contrivance,  the 
line  of  contact  bet-ween  the  cylinder  and  cuihion 
is  rendered  very  perfect,  the  fmaller  pores  of 
the  glafs  are  filled  with  the  amalgama,  and  the 
fuperfluous  parts  of  it  are  depofited  on  the  cu^ 
Ihion. 

Becearia  fuggefts,  that  the  amalgama  thus 
,  depofited  on  the  furface  of  the  glafs  forms  a 
continued  feries  of  conducting  particles,,  which 
carry  the  fire  to  the  prime  condudor,  and, 
under  certain  cifcumflances,  back  again  to  the 
cufhion. 

Another-  ingenious  ele(!i:rician  afcertains  the 
line  of  contad:,  formed  between  the  cylinder 
and  cuihion,  by  placing  a  line  of  whiting, 
which  had  been  previoufly  diflblved  in  fpirits  of 
wine,  on  the  cylinder  :  on  turning  the  cylinder 
this  whiting  is  depofited  on  the  cufiiion,  and 
marks  the  places  which  bear  againft  the  cylinder; 
the  amalgama  is  to  be  placed  only  on  thofc  parts 
which'  are  marked  by  the  whiting. 

Either  of  thefe  modes  will  fucceed.  If  the 
firit  i§  ufed;,  no  amalgam_a  is  to  be  placed  on 
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the  cuflilon;  that  which  is  rubbed  into  the 
cylinder,  and  depolited  by  it  on  the  culhioa 
in  its  revolutions,  will  produce  an  alloniihing 
quantity  of  fire.  In  either  method,  when  the 
cylinder  is  rubbed  with  the  amalgamated  lea- 
ther, that  pari  of  the  oil,  or  black  filk,  which 
lies  above  the  cufiiion,  is  to  be  turned  back, 
and  if,  by  accident,  any  particles  of  amalga^. 
ma  ftick  to  it,  they  mull  be  wiped  off  carefull)% 

If  the  eleftricity  of  the  cylinder  grows  lef$ 
powerful,  it  is  eafily  renewed  by  turning  back 
the  iilk  which  lies  over  it,  and  then  rubbing 
the  cylinder  with  the  amalgamated  leather. 

A  very  fmall  quantity  of  tallow  placed  over 
the  amalgama,  is  obferved  to  give  more  forc«^ 
to  the  eledric  powers  of  the  cylinder. 

Experiment      VIII. 

When  the  cylinder  is  put  into  good  adlion, 
a  number  of  circular  lines  of  fire  will  iffue  from 
the  cufhion ;  prefent  a  row  of  metallic  points 
towards  thefe,  and  they  will  difappear.  The 
conducting  fubftance  collefls  the  eleftric  fluid 
before  it  can  take  thqfe  appearances,  or  be  di-ffi- 
pated  into  the  air. 

Hence  we  learn,  that  to  prevent  a  lofs  of  the 
eledric  fluid  which  ,is  excited,  we  mull  pre- 
vent the  air  from  acting  on  the  fluid,  which  is 
put  in  motion  by  the  excitation ;  for   the  air 
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not  only  relifls  the  emiffion  of  the  fluid,  but 
aifo  diffipates  what  is  colleded  by  means  of 
the  conducing  fubflances,  which  are  continu- 
ally floating  in  it. 

Thefe  ends  are  effeftually  anfwered  by  letting 
a  non-conduc5ting  fubflance  proceed  from  the 
line  of  contadl;  to  the  coile<5ling  points  of  the 
prime  condudlor,  and  placing  thefe  points 
within  its  atmofphere.  When  no  amal- 
gama  is  put  on  the  cufliion,  a  plain  piece 
of  black  fllk,  or  one  flightly  impregnated  with 
bees-wax,  fixed  to  the  under  edge  of  the 
cufhion,  and  proceeding  from  thence  to  the 
collecting  points  of  the  condudlor,  will  anfwer 
exceeding  well.  If  the  amalgama  is  placed  on, 
the  cufliion,  a  piece  of  oil'd-filk  feems  to  anfwer 
the  befl. 

I  was  informed,  by  an  ingenious  friend,  that 
he  had  for  many  years  ufed  a  piece  of  black 
lilk,  which  was  impregnated  from  one  end  to 
the  other  with  amalgama,  in  which  a  fmali 
quantity  of  bees-wax  had  been  mixed  ;  this  he 
rubbed  into  the  filk  with  a  piece  of  fponge. 
If  the  force  of  the  machine  diminiflied  while  it 
w^as  in  ufe,  he  refreflied  it  by  holding  an  amal- 
gahiated  fponge  againil  the  cylinder  when  it 
was  revolving.  , 

It  is  often  very  advantageous  to  dry  the  oiFd 
or  black  fllk  before  the  machine  is  ufed. 

The 
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The  operator  ought  not  to  think  his  machine 
in  good  order  till  it  pours  forth  the  fire  in 
great  abundance,  and  Itrong  denfe  fparks 
are  obtained  in  quick  fucceflion  from  the 
conductor.  When  the  conduflor  is  removed, 
the  fire  Ihould  fp^rkle  round  the  cylinder,  and 
throw  out  many  beautiful  brufhes  of  light. 

Two  kinds  of  amalgama  are  much  in  requell 
at  prefent.  One  is  made  of  quickfilver  five 
parts,  zink  one  part,  melted  together  with  a 
fmall  quantity  of  bees-wax  :  the  other  is  the 
aurum  mufivum  of  the  Ihops.  I  find  it  diffi- 
cult, after  many  trials,  to  fay  which  of  thefe 
ad  the  beft. 

The  following  experiment  feems  to  illullrate 
and  confirm  the  foregoing  conje<5lures  on  the 
mechanifm  by  which  the  fluid  is  extraded 
from  the  cufhion,  and  the  bodies  connected 
with  it, 

Exp  E  R  I  M  E  NT       IX. 

Break  a  flick  of  fealing-wax  in  two  pieces  ;^ 
thofe  extremities  that  were  contiguous  will  be 
found  eleftrified  with  contrary  powers ;  one  will 
be  pofitively,  the  other  negatively,  eledrified. 

Every  eledrical  machine  ought  to  be  fur- 
nifhed  with  an  infulated  cufhion  and  two  prime 
conductors,  one  for  pofitive,  the  other  for  ne- 
gative eledricity  •  as,  by  thefe,  ei'ther  ele6lri- 

city 
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city  is  produced  at  pleafure,  a  greater  number  of 
experiments  may  be  performed,  and  the  proper- 
ties of  the  eledric  fluid  more  eafily  explained. 

Experiment     X. 

Conned  the  pofitive  conduflor  by  a  chain 
with  the  table ;  turn  the  cylinder,  and  the 
cufliion  will  be  found  to  be  negatively  eleftri- 
fied.  Take  the  chain  off  from  the  pofitive 
condudor,  and  both  will  exhibit  figns  of  elec- 
tricity ;  but  any  eledlrified  body  which  is  at- 
traded  by  the  one,  will  be  repelled  by  the 
other.  If  they  are  brought  fufficiently  near  to 
each  other,  fparks  will  pafs  between  them,  and 
they  will  aft  on  each  other  flronger  than  on 
other  bodies.  If  they  are  conneded  together, 
the  eledricity  of  the  one  will  deflroy  that  of 
the  other ;  for,  though  it  feems  to  proceed 
from  the  cufhion  to  the  condu6lor,  the  two, 
when  thus  conjoined,  will  exhibit  no  figns  of 
eleflricity,  becaufe  the  fire  is  continually  cir- 
culating from  one  to  the  other,  and  is  kept 
lalways  in  the  fame  ftate. 

We  fee,  by  this  experiment,  that  eledric 
appearances  are  produced  both  in  the  eleclric 
which  is  excited,  and  the  fubflance  by  which  it  is 
excited,  provided  that  fubfhance  be  infulated  ; 
but  their  eleftric  powers  are  diredly  reverfe  of 

each 
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each  other,  and  may  be  diftiuguifhed  by  op- 
pofite  €fFe<5ls. 

Experiment      XI. 

If  the  cufliion  and  the  condudlor  arc  both 
infulated,  it  is  obferved,  that  the  lefs  eledric 
fluid  is  obtained,  the  more  perfed  the  infulation 
is  made. 

The  moillure  which  is  at  all  times  floating' 
in  the  air,  together  with  the  fmall  points,  from 
which  it  is  impoflible  totally  to  free  the  cufliion, 
do  not  permit  it  to  be  perfedly  infulated,  fo  as 
to  afford  no  fupply  of  eledric  matter  to  the 
cufliion. 

If  the  air,  and  other  parts  of  the  apparatus, 
are  very  dry,  little  or  no  electricity  will  be 
produced  in  the  above-mentioned  circumfl:an- 
ces. 

From  this  experiment  it  is  inferred,  that  th^; 
cledric  powers  do  not  exifl:  in  the  electrics 
themfeives,  but  are  produced  from  the  earth  by 
the  excitation  of  eledrics  ;  or,  that  the  eled:rlc 
matter  on  the  prime  conductor  is  not  produced 
by  the  fridion  of  the  cylinder  againft  the 
cufliion,  but  is  coUeded  by  that  operation  from 
it,  and  from  thofe  bodies  which  are  conneded 
with  it. 

As  Dr.  Franklin  feems  to  have  fuggeftcd  this 
idea  firfl,    that  the  eledtric  fluid  is  colleded 

from 
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from  the  earth,  I  have  fiibjoined  his  own  ac« 
count  of  the  experiment  which  led  him  to  this 
conclulion. 

Experiment      XIL 

Let  one  perfon  ftand  on  wax  and  rub  a  glafs 
tube,  and  let  another  perfon  on  wax  take  the 
fire  from  the  fir  ft,  they  will  both  of  them  (pro- 
vided they  do  not  fland  fo  near  as  to  touch 
each  other)  appear  to  be  eleflrified  to  a  perfon 
{landing  on  the  floor  ;  that  is,  he  will  perceive 
a  fpark  on  approaching  either  of  them  with  his 
knuckle.  2^  But  if  the  perfons  on  wax  touch 
one  another  during  the  excitation  of  the  tube, 
neither  of  them  will  appear  to  be  eledrified, 
3.  If  they  touch  one  another  after  the  exciting 
the  tube,  and  draw  the  fire  as  aforefaid,  there 
will  be  a  fironger  fpark  between  them  than  was 
between  either  of  them,  and  the  perfon  on  the 
floor.  4.  After  fuch  a  flrong  fpark  neither  of 
them  difcover  any  eledlricity. 

Thefe  appearances  he  accounts  for  thus  :  he 
fuppofes  the  eleftric  fire  is  a  common  element^ 
of  which  each  of  the  three  perfons  has  his 
equal  fhare  before  any  operation  is  begun  with 
the  tube.  A,  who  flands  upon  wax  and  rubs 
the  tube,  colle6ls  the  ele£lrical  fire  from  him-» 
felf  into  the  glafs,  and  his  communication  with 
the  .common  Hock  being  cut  off  by  the  wax, 

his 
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Ills  body  is  not  again  immediately  fupplied.  B, 
who  alfo  Hands  upon  v/ax,  pafling  his  knuckle 
along  the  tube,  receives  the  lire  which  was  col- 
iefted  from  A,  and  being  infulated  he  retains 
this  additional  quantity.  To  C  both  appear 
eledrified  ;  for  he,  having  only  the  middle 
quantity  of  electrical  fire,  receives  a  fpark  on 
approaching  B,  who  has  an  over  quantity,  buc 
gives  one  to  A,  who  has  an  under  quantity. 
If  A  and  B  approach  to  touch  each  other,  the 
fpark  is  ftronger,  becaufe  the  difference  between 
them  is  greater.  After  this  touch  there  is  no 
fpark  between  either  of  them  andC,  becaufe  the 
eleflrical  fluid  in  all  is  reduced  to  the  original 
equality.  If  they  touch  while  eleflrifying  th© 
equality  is  never  deilroyed,  the  fire  is  only 
circulating  :  hence  we  fay,  that  B  is  ekdrified 
pofitively,   A  negatively. 

-^  defer ipt ion  of  feme  parts  of  the  eleBrical 
apparatus^  'which  could  not  he  regularly 
introduced  in  the  body  of  the  work, 

•  Fig.  r,  Plate  II,  reprefents  a  common  dif* 
charging  rod  ;  it  is  generally  made  of  brafs 
wire,  with  a  ball  at  each  of  its  ends.  To  dif- 
charge  a  leaden  bottle  with  it,  hold  the  femi- 
circular  part  in  the  hand,  place  one  ball  of 
£he    difcharging   rod  on  the   coating   of   the 

phial. 


31  AN      ESSAY 

phial,  then  bring  the  other  to  touch  the  knob  oi 
the  wire  which  communicates  with  the  infide^ 
when  an  explofion  will  enfue,  and  the  phial  will 
be  difchargedi 

Fig.  2,  Plate  11,  is  a  jointed  difcharging  rod 
with  a  glafs  handle,  the  legs  of  which  may  be 
moved  and  fet  to  any  given  diftance  from  each 
other  by  means  of  the  joint  C;  the  extremities  v 
of  the  legs  are  pointed,  the  points  enter  into  ' 
the  balls  a  bj  which  ferew  on  the  legs>  and 
from  which  they  may  be  unfcrewed  at  plea- 
lure  ;  fo  that  either  the  balls  or  the  points  may 
be  ufed/as  occaiion  requires. 

Fig*  3,  Plate  II,  reprefents  the  univerlal 
difcharger  ;  an  inftrum.ent  which  is  of  very  ex- 
tenlive  ufe  in  forming  communications  to  di^ 
ted:  or  convey  the  eledric  ihock  through  any 
part  of  a  given  fubftance.  Many  examples  of 
the  utility  of  this  inflrument  Vv^ill  occur  in  the 
courfeof  this  elTay..  When  the'  univerfal-  dif- 
charger is  made  on  a  large  fcale,  it  is  fuperiot 
to  any  apparatus  hitherto  contrived  to  enable  a 
perfon  to  eledlrify  himfelf.  AB,  fig.  3,  pi.  II, 
is  the  wooden  bafe  of  this  inftrumcnt ;  on  this 
are  fixed  two  perpendicular  glafs  pillars  c  d, 
On  the  top  of  each  of  thefe  is  cemented  a  brafs 
cap,  to  which  is  fitted  a  double  joint,  or  one 
which  has  both  a  vertical  and  horizontal  mo- 
tion ;  on  the  top  of  each  joint  is  a  fpring  tube^ 

which 
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which  receive  the  wires,  E  T,  E  F ;  thefe  wii:'es 
may  be  fet  at  various  diftances  from  each  other, 
and  turned  in  any  diredion  ;  the  extremities  of 
the  wires  are  pointed,  the  points  are  covered 
occafionally  by  the  brafs  balls,  which  are  made 
to  fit  on  the  wires  by  fpring  fockets,  G  H  is  a 
fmail  wooden  table,  on  the  furface  of  which  a 
flip  of  ivory  is  inlaid  :  this  table  is  furnifhed 
with  a  cylindrical  ftem,  which  fits  into  a  cavity 
of  the  pillar  I ;  it  may  be  raifed  occafionally  to 
various  heights,  and  fix:ed  at  any  one  of  them 
by  the  fcrew  Ki 

Fig.  4,  Plate  II,  is  a  little  wooden  prefs,  fur- 
nifhed with  a  flem,  which  fits  the  cavity  in  the 
pillar  I,  Fig.  3,  into  which  it  is  to  be  placed 
occcrfionally,  when  the  table  GH  is  removed. 
The  prefs  confifts  of  two  boards,  which  are 
bi-ought  clofe  to  each  other  by  means  of  the 
fcrews  a  a. 

Fig.  5,  Plate  II,  is  Mr;  Kinnerfly's  eledtri-' 
cal  air  thermometer  ;  ab  is  a  glafs  tube,  on 
each  end  of  which  a  brafs  cap  is  cemented  ;  c  d 
is  a  fmall  glafs  tube,  open  at  both  ends,  which 
pafiTes  through  the  upper,  and  defcends  nearly 
to  the  under  plate  ;  a  box  feale,  which  is  di* 
vided  into  inches  and  tenths  of  inches,  is  fitted 
to  the  upper  part  of  this  tube ;  g  is  a  brafs; 
wire  with  a  ball  on  it,  which  is  fcrewed  to  the 
topder  plate,  a  fimiiar  wire  is  made  to  pafs 
0     ,  through" 
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through  a  collar  of  leathers  on  the  upper  platen 
and  may  be  placed  at  any  convenient  diftance 
from  the  lower  wire. 

Eledricians  have  long  wilhed  for  an  inflru- 
ment  which  would  afcertain,  iri  an  exadt  and 
invariable  manner,  the  degree  of  eledtricity 
excited  when  any  experiment  is  made;  For  this 
purpofe  a  great  many  contrivances  have  been 
propofed  and  executed,  which,  upon  trial,  are, 
all  found  to  be  very  defedlive; 

Mr.  Achard,  who  has  confidered  the  fub- 
je£t  with  attention,  fays,  that  an  eleclrometer 
ought  to  have  the  following  properties  : 

1.  That  it  fliould  be  fimple  in  its  conftruc- 
tion,  and  not  compofed  of  many  parts; 

2.  It  fhould  not  be  affed:ed  by  the  variations 
of  the  atmofphere. 

3.  That  it  fliould  indicate  fmall  as  well  as^ 
large  degrees  of  eledlricity. 

4.  Not  be  adjufted  to  any  fixed  m'eafure. 

5.  The  ele£tric  power  ihould  be  exprefled 
by  a  fixed  and  invariable  force,  as  that  of  gra- 
vity. 

6.  That  the  obferver  be  enabled  to  read  off 
the  divifions  at  a  diftance,  which  will  prevent 
his  weakening  the  influence  of  the  eledlric 
powers. 

This  gentleman  has  publiflied  a  very  ingenious! 
paper  on.the  nature  and  properties  of  eled^rome-" ... 

ters^ 
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fers,  which  I  meant  to  have  introduced  in  this  place 
if  I  had  not  been  informed  that  he  had  made  ftil! 
further  improvements  on  the  fubje(5l:  which  he 
defigned  to  communicate  to  the  puM^c. 

Plate  II5    Fig.-  6,    reprefents   the -quadrant 
eleftrometer,  the  rhoft  ufeful  iriftrtYmeh|:  of  the 
kind   yet   difcovered,    as  vv^ell    for  meafuring 
the  degree  of  eleftricity  of  any  body,  as  to  af- 
certain  the  quantity  of  a  charge  befote  an  ex- 
plolion  ;  and   to  difcover   the  exa£t   time  the 
eledricity   of  a  jar   changes^    when,    without 
inaking  an  explofion,  it  is  difcharged  by  giving 
It  a  quantity  of  the  contrary  eleftricity.     The 
j^iikr  L  M   is  generally    made  of  wo6d,    the 
graduated  arch  NOP  of  ivory,    the  rod  R  S 
IS  made  of  Very  light  wood,   with  a  pith  ball 
at  the  extrerfiity ;  it  turns  u-pon  the  center  of 
the  femicircle,  fo  as   always  to  keep  near  its* 
furface ;  the  extremity  of  the  ftem  L  M  may 
either  be  fitted  to  the  condu(5loT  or^  the  knob  of 
a  jar.    When  the  apparatus  is  eleftrified,  the 
rod  is  repelled  by  the  flem,    and  moves  along 
the  gj"aduated  afch  of  the  femicircle,  fo  as  to' 
inark  the  degree  to  which  the  condudor  is  elec- 
trified, or  the  height  to'  wh,ich   the  charge  of 
the  jar  is  advanced. 

Beccaria  recommends  fixing  the   index  be- 
tween  two    femicircles,     becaufe   when    it   is 
placed  over  one  only,  the  eledricity  of  this  rc- 
D  ;&  peh 
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pels  and  counterafts  the  motion  of  the  hidexi 
Other  improvements  and  variations  have  been 
made  in  this  inftrument,  which  will  be  de- 
fer ibed  hereafter. 

Plate  II,  Fig.  9,  is  an  electrometer  which  was 
contrived  many  years  fmte  by  Mr.  Townfend^ 
to  afcertain  the  real  force  of  the  ele6lric  explo- 
fioni  ab  is  a  fmall  ivory  plate,  c  a  loofe  cone 
of  ivory  to  be  placed  on  the  plate  ab,  efg  a 
circle  which  turns  freely  on  two  centers,  an  arm, 
d,  of  wood  proceeds  from  this  circle  and  lyes 
on  the  cone  of  ivory.  The  difcharge  is  made 
to  pafs  under  the  cone  which  throws  up  the  arm 
d,  the  elevation  of  which  is  marked  by  the 
index  h  ;  a  piece  of  filk  ftring  is  fixed  at  one 
end  16  the  bottom  board  at  i,  and  pafles 
over  the  wheels  a  weight  k  is  tied  to  the  other 
end  to  regulate  the  fri^ftion  of  the  circle  efg. 

Figi  8  is  an  infulating  ftool  ;  the  feet  are  of 
glafs.  When  it  is  ufed,  the  infulation  will  be 
rendered  more  perfe(5l  by  placing  a  iheet  of  pa- 
per well  dried  under  the  feet  of  the  ftool. 


CHAP« 
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CHAP.       III. 

^'he  Properties  of  EleBric  AttraBion  and 
Repuljon,  illujlraied  by  Experiments  on 
light  Bodies, 

NATURAL  philof&phe,rs  w,ere  originally 
incited  to  confider  the  nature  of  electri- 
city from  its  ftrong  attra6live  and  repviliive 
pqwef  s.  The  phoenomena  exhibited  by  thofe 
myfterious  properties  are  fo  various  and  fq 
pleafing,  that  they  were  led,  as  by  enchant; 
raent,  to  purfue  t]be  fubjcd: ;  and  have  been 
richly  rewarded  by  the  difcoverics,  Avhich  a,re 
l^^ith  in;:erefting  and  important. 

The  powers  of  Genius  have  been  exerted 
with  induftrious  ardour  to  inveftigate  the  caufes 
of  thofe  properties  ;  but,  we  are  forry  to  own, 
they  ft  ill  remain  involved,  in  deep  obfcurity, 
and  we  are  flill  totally  ignorant  of  that 
mechanifm  by  which  light  bodies,  when  elec- 
trified, approach  or  recede  from  each  other. 

To  enter  into  a  difcuflion  of  the  difficulties 
\yhi(;h  perplex  this  fubjed:,  would  lead  iTie  too 
far  from  the  defign  of  this  effay ;.  I  Iball,  there- 
fore, proceed  to  ilate  thofe  general  properties, 
or  modes,  .of  adion  which  are  obferved  in  elec- 
D  3  trie 
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trie  attra6lion  and  repulfion,  and  then  defcribe 
the  experiments  from  which  thofe  properties 
Jiave  been  deduced,  or  t?y  which  they  are 
illuilrated. 

Qeneral  Properties  of  EleB-rical  AttraBion 
and  Repulfion, 

1.  The'  eledric  fluid,  when  in  action,  dif- 
pofes  or  places  light  bodies  in  fuch  manner  as 
will  bell  facilitate  its  tranfmiffion  through  them, 
with  the  greateft  velocity  ;  and  this  in  propor= 
lion  to  the  gravity  of  the  body,  its  conducing 
power,  and  the  Hate  of  the  air« 

2.  Bodies  that  are  electrified  pofitively  repel 
each  other, 

3.  Bodies  ekd:rificd  negatively  repel  each 
other. 

4.  Bodies  eleftrificd  by  contrary  powers  at- 
€ra6l  each  other  ftrongly. 

5.  Bodies  that  are  ele«5i:rified,  attraS:  thofe 
fubltances  which  are  not  ele6lrified. 

6.  Thofe  fubftances  that  are  brought  v/ithin 
fhe  influence  of  eleftrified  bodies,  become  pof- 
feffed  of  a  contrary  eleiflricity  ;  or,  elecftrified 
fubitances,  without  parting  with  their  own 
electricity,  a£t  upon  other  bodies  in  their  neigh- 
bourhood, producing  in  them  an  ele6lricity 
which  is  contrary  to   their   own  i    or,  bpdies 

which 
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wlikh  are  immerged  in  an  electric  atmofphere, 
always  beconie  poffefTed  of  a  contrary  eledlricity 
to  that  of  the  body  in  whofe  atmofphere  they 
are  immerged. 

E:^PkRIMENT      XIII. 

Fix  the  end  A  of  the  wire  AB,  Fig.  10, 
jn  the  fmall  hole  which  is  at  the  end  of  the 
prime  condudor  ;  turn  the  cylinder,  and  the  fea- 
thers, which  are  connected  with  the  \vire  by 
iinen  threads,  will  feparate  from  each  other  ; 
the  fibrous  and  downy  parts  will  become  tur- 
gid, and  expand  in  a  pleaiing  manner,  in  a 
variety  of  directions. 

Prefent  a  metallic  point,  the  finger,  or  any 
•Pther  condujfting  fubftance  to  the  feathers,  the 
flowny  parts  thereof  will  immediately  coUapfe, 
the  divergence  of  the  feathers  will  ceafe,  and 
they  will  approach  each  other,  and  cling- 
round  the  non-eleftric  body. 

The  feathers  feparate  from  each  other,  and 
tend  towards  uneleftrified  bodies,  from  the 
effort  made  by  the  eledlricity  which  is  commu- 
nicated to  them  to  difFufe  itfelf,  and  the  refin- 
ance it  meets  with  from  the  air. 


D4  '  Ex- 
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Experiment     XIV. 

Fix  tlie  end  C  of  the  wire  CD,  fig.  1 1,  into 
the  hole  at  the  end  of  the  conduflor,  put  the 
machine  in  aftion,  and  the  two  fmali  balls  cd 
will  recede  from  each  other.  Bring  a  conduc- 
ing fubftance  within  the  fphere  of  their  a6i;i«pn, 
2iid  they  will  fly  towards  it ;  touch  the  con- 
duflor  with  a  non-eiedlric,  and  they  will  imme- 
diately come  together. 

The  balls  do  not  always  diverge  fo  much  as 
might  be  expeded  from  the  aflion  of  their  at- 
mofphere,  becaufe  they  are  influenced  by  that 
of  the  conduftor. 

The  balls,  or  feathers,  will  feparate,  &c.  in 
the  fame  manner,  if  they  are  annexed  to  a  ne- 
gative -eoodudtor. 

Experiment     XY.. 

Prefent  a  fine  thread  towards  an  eleflrified 
condudor ;  when  it  is  at  a  proper  diflance  it  will 
fly  towards  and  flick  to  the  conduftor,  and 
convey  the  eledric  fluid  from  it  to  the  hand ; 
remote  the  thread  to  a  fmall  diflance  from  the 
conductor,  and  it  will  fly  backwards  and  for- 
wards with  great  velocity,  and  in  a  very  pleaf- 
ing  manner  ;  prefent  the  fame  thread  towards 
ont  that  hangs  from  the  conductor,  they  wil| 

attrg.(5!: 
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attradt  and  join  each  other.  Bring  a  non- 
€led:ric  body,  as  a  brafs  ball,  near  thefe  threads, 
the  ball  will  repel  that  held  by  the  hand,  and 
attract  that  which  is  affixed  to  the  conductor : 
the  upper  thread  renders  the  brafs  ball  nega- 
tive, and  therefore  goes  towards  it ;  while  the 
tunder  thread,  which  is  alfo  negative,  is  re- 
pelled. Let  the  ball  be  brought  near  to  the 
lower  part  of  the  under  one,  and  it  will  be 
attracted  by  it.  The  junction  of  the  threads 
arifes  from  the  effort  the  electric  fluid  make§ 
t-o  diffufe  itfelf  through  them. 

Experiment      X VL 

To  the  edge  of  the  brafs  hoop  b  c  d,  fig.  12, 
are  fattened,  at  equal  diftances  from  each 
othei*,  fix  or  feven  pieces  of  thread,  about 
four  inches  long  ;  a  wire  proceeds  from  the 
hoop  which  fits  into  a  cavity  in  the  pillar 
T> ;  z  e,  is  a  brafs  wire,  to  one  end  of 
whicTi  are  fattened  feveral  fmall  pieces  of 
thread ;  fit  the  plain  end  of  the  wire  into  the 
hole  at  the  end  of  the  conductor,  place  the 
hoop  b  c  d  at  right  angles  to  the  wire  z  e,  and 
diredlly  over  the  threads  at  the  end  z  ;  turn 
the  cylinder^  and  the  threads  tied  to  the  hoop 
will  be  attradled  by,  thofe  which  are  fattened 
to  the  wire  z  e,   and  will  point  towards  each 

other 


4'^  AN      ESSAY 

pther  as  fo  many  radii  of  a  circle.  The  elec^ 
trie  fluid  paiTcs  from  the  threads  of  the  wire 
into  thofe  of  the  hoop,  and  thus  occafions  the 
feeming  attratflion  between  them. 

Place  the  hoop  bed  on  an  infulating  ftand, 
and  when  it  is  faturated  with  the  eledric  mat- 
ter, the  threads  which  are  tied  to  it  will  be 
repelled  by  thofe  of  the  wire  ;  touch  the  hoop, 
and  they  will  be  again  attradedo  If  the  hand 
is  brought  near  the  threads,  they  will  quit 
their  central  diredtion  and  move  towards  it^ 
The  ends  of  the  threads  appear  luminous  in 
the  dark. 

Experiment      XVIL 

Sufpend  the  fmall  metal  plate  F,  fig.  i^o 
to  the  conductor  by  the  hook  H  ;  place  the, 
fland  I  dire(ftly  under  it,  and  the  large 
plate  G  on  the  top  of  the  Hand  ;  the  upper 
part  of  the  fland  I  is  moveable,  fo  that  the. 
diftance  of  the  two  plates  from  each  other 
may  be  occafionally  varied.  Lay  fmall  paper 
images,  or  any  other  light  fubl^ances,  on  the 
under  plate,  then  put  the  machine  in  adtion, 
and  the  light  bodies  will  be  attradled  and 
repelled  by  each  plate,  and  move  from 
one  plate  to  the  other  with  confiderable  ve- 
locity. 

The 
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The  light  bodies  placed  on  the  under  plate 
Become  poffeffed  of  an  elediricity  which  is 
contrary  to  that  of  the  upper  plate,  and  are 
therefore  attrailed  by  it,  and  acquire  the  fame 
<ele6lricity  with  it  ;  they  are  then  repelled,  and 
part  with  this  electricity  to  the  fland,  and  are 
again  in  a  proper  flate  to  be  attracted  by  the 
iipper  plate.  Th^t  thefe  bodies  cannot  be  atr 
tra<fled  by  the  upper  plate  till  they  have  ac- 
jquired  a  power  contrary  to  it,  or  till  the  equilir 
l^rium  of  the  fluid  in  them  is  dillurbed,  will  be 
evident  from  the  following  experiment. 

Ex  PERIMENT      XVIIL 

Remove  the  under  plate  and  fland,  hold 
in  its  flead,  by  one  corner,  a  pane  of  glafs, 
which  has  prcvioufly  been  made  very  clean 
and  dry  ;  now,  as  glafs  does  not  tranfmit 
electricity,  no  contrariety  in  the  eledric  flates 
of  the  condudor  and  the  light  fubflances  caij 
be  ■  occafioned,  and  therefore  no  attra<5lion  or 
repulfion  is  obferved. 

If  a  finger  is  prefented  to  the  under  fide  of 
the  glafs  plate, ,  the  light  bodies  will  be  at- 
traded  and  repelled ;  the  caufe  of  this  will 
be  feen  when  the  nature  of  the  JLeyden  phial  is 
explained, 

;  ^  Mr. 
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Mr.  Eeles,*  fpeaking  of  this  alternate  at-, 
traftion  and  repulfion,  fays,  they  may  be 
agreeably  varied,  by  wetting  firft  the  head  of 
the  p^pcr  images,  and  when  thefe  are  dry,  wet- 
ting the  feet. 

"  When  you  dry  the  head  of  one  of  thofe. 
'^  images,  the  power  thrown  out  from  the  con-' 
*'  dudtor  cannot  enter  the  image  with  the  fame 
*'^  facility  with  which  the  contrary  power  from 
^'  the  table  enters  at  the  feet,  which  are  not  (q 
*'  dry  ;  this  will  therefore  afcend  to  the  uppei? 
**  plate  and  remain  there.  Reverfe  the  experi- 
^'  ment,  dry  the  feet  and  wet  the  head,  and 
"  the  images  will  fix  themfelves  to  the  lower 
*^  plate.  If  the  image  retains  fo  much  more  of 
'^  the  attracted  power  as  will  balance  again  ft  its 
"  weight,  than  there  is  of  the  contrary  power 
"  which  proceeds  from  the  condudlor,  the 
^'  image  will  be  fufpended  between  the  two 
«  plates." 

**  This  may  be  effedled  by  making  the  head 
*'  of  the  image  broad  and  round,  which  does. 
*^  not  admit  the  power  coming  out  fo  readily 
*'  as  the  feet,  being  iharp,  admit  the  power 
"  p-oing  in ;  a  minute  alteration  will  make  the 
**  imaees  dance  or  remain  fixed  to  one  of  the 
**  plates." 

Ex- 

*  Philofophical  EfTays.    Preface,  page  25. 
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Experiment     XIX. 

Place  a  fquare  piece  of  leaf  brafs  or  filver'on 
the  under  platCj,  hold  this  parallel  to  the  upper 
one,  at  about  five  or  fix  inches  from  it,  turn 
tne  ni^chine,  and  the  leaf  will  then  rife  up 
into  a  vertical  fituation,  and  remain  between 
tlie  two  plates  without  touching  either  of  them. 
Prefent  a  metal  point  towards  the  leaf,  and  it 
will  immediately  fall  down. 

Experiment      XX. 

Place  a  brafs  ball  at  K,  fig.  14,  at  the  end 
of  the  conductor,  and  when  the  leaf  of  brafs  is 
fufpended  between  the  plate  and  ball,  move 
the  plate  round,  the  ball,  and  the  leaf  will  alfb 
mdve  tbund  without  touching  either  ball  or 
plate, 

A  glafs  cylinder  is  occafionally  placed  be- 
tween the  two  metal  plates  F  G,  fig.  13,, 
to  prevent  bran,  fand,  or  other  light  fub- 
ftances   being  thrown  "oWi 

Experiment     XXI, 

Place  two  wires  diredly  under,  and  parallel 
to,  each  other,  fufpehd  one  from  the  con- 
d\i6lor,  let  the  other  communicate  with  the 
t^ble ;  a  light  image  plated  between  thefe  will, 

•wheo 
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ivhen  the  coiidu6tor  is  eledrified,  appear  like  d 
kind  of  eledtricd  rope-daticeri— — See  figi  15^ 

EfPERIMEMT        XXIL 

Cut  a  piece  of  leaf  brafs,  with  an  obtnfe 
angle  at  one  end,  and  a  very  acute  one  at  the 
other,  prefent  the  large  end  towards  an  eledri- 
fied  conductor,  and  when  the  leaf  brafs  is 
within  its  atmofphere  let  it  go,  it  will  then  fix 
itfelf  to  the  condudor  by  the  apex  of  its  obtufe 
angle,  and,  firdm  its  continual  wavering  mo- 
tion, will  appear  to  be  animated. 

The  next  experiment  requires  confiderable 
attention  to  make  it  fucceed  ;  as  a  fmall  differ- 
ence  in  the  apparatus,^  or  in  the  force  of  the 
machihe,  &c»  will  make  it  fail  ;  when  it  an° 
fwers,  it  generally  affords  pleafure  to,  and  ex- 
cites admiration  in  the  fpedatorsi 

ElCPERlMENf        XXIll 

Fix  the  ring  NOP,  fig.  16,  to  the  end  of 
the  condudlor,  place  the  plate  G,  fig*  13,  on  its 
Hand  I  under  it,  and  at  a  little  diflance  from  it, 
put  a  very  light  hollow  glafs  ball  upon  the 
plate  but  within  the  ring,  turn  the  cylinder, 
and  the  little  ball  will  defcribe  an  orbit  about 
the  ring,  and  turn  at  the  fame  time  about  its 
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own  axis  ;  the  poles  of  its  rotation  are  nearly 
at  right  angles  to  the  plane  of  its  orbit; 
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FigJ  17  reprefents  a  fmall  fet  of  bells,  the 
two  exterior  ones  are  connected  to  the  wire  V  Y 
by  a  brafs  chain,  the  middle  bell  and  the  clap-^ 
pers  are  fufpended  on  lilk* 

Hang  the  bells  on  the  cdndudor  by  the  hoo^ 
R  S,  let  the  chain  from  the  middle  bell  touch 
tlie  tablCj  turn  the  cylinder,  and  the  clapper^ 
will  fly  continually  from  bell  td  bell  as  long  ai 
the  eleftricity  continues. 

The  brafs  chain,  which  conne6ls  the  two  ex- 
terior bells  to  the  condudor,  conveys  the  elec- 
tric fluid  to  them,  which  attradis  the  clappers  ; 
thefe,  "when  they  have  received  the  eledric 
fluid,  are  repelled  by  the  exterior  bell^  and  at- 
trafled  by  the  middle  one,  on  which  they  de* 
polit  their  elciftricity  ;  they  are  then  again  at- 
tra6led  and  repelled  by  the  outer  bellsw  Hold 
up,  by  a  fiik  thread,  the  chain  X,  which  pT6« 
ceeds  from  the  middle  bell,  and  the  ringing  will 
ceafe,  becaufe  it  cannot  convey  the  eleftric 
fluid  communicated  by  the  clappers  to  the 
ground. 

Fig.  1 8  reprefents  a  more  elegant  form  of 
mounting  the  bells.-     When  this  is  ufed,    the 
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knob   a,   iliould   communicate   with  the  cofe. 
dudor. 

Fig.  ig  reprefents  another  kind.  In  this 
the  clapper  is  fufpendcd  from  the  fly  bed,  the 
axis  of  the  fly  refts  in  a  fmall  hole  on  the  top 
of  the  glafs  pillar  e  f,-  the  upper  part  of  the 
axi^  moves  freely  in,  and  is  fupported  by,  a 
hole  in  the  brafs  piece  g.^  Bells  of  different 
tones  are  placed  round  the  board  h  I  K.  Re- 
move the  prime  condu6lor,  and  place  this  appa- 
ratus iri  its  Itead  near  the  cylinder,  when  this  is" 
in  aftidn,  it  will  caufe  the  fly  to  turn  round,  the 
clapper  will  ftrike  each  bell  in  rotation,  and 
thus  produce  a  plealing  and  harmonious  found. 

Experiment      XXV. 

Take  roor  12  pieces  of  thread,  each  about 
ten  inches  long,  tie  them  together  at  the  top 
and  the'  bottom,  as  in  fig.  20,  then  fufpend 
them  from  the  condudlor ;  the  threads,  when 
eledrified,  endeavour  to  recede  from  each  other, 
and  the  knot  at  the  bottom  rifing  upwards  as 
the  repulfion  of  the  thread  increafes,  will  form: 
them  into  a  fpheroidal  figure. 

Experiment      XXVI. 

Bring  a  downy  feather  or  lock  of  cotton  n'ear 

the  end  of  an  excited  tube,  or  the  knob  Sf  a 

.  charged 
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charged  Ley  den  phial,  the  feather  will  at  firft 
fly  towards  the  tube,  but  when  it  is  faturated 
with  the  eleftric  matter,  it  will  recede  from  it, 
and  may  be  driven  about  tlie  room  by  the  ex-i 
cited  tube  till  it  touches  fome  ridn-cohdudlor 
to  which  it  can  impaft  its  elediricity.  .  The 
fame  fide  of  the  feather  is  always  turned  to- 
wards the  tube ;  becaufe,  th6  eledricity  ac- 
quired by  the  feather,  is  forced  by  the  adion  of 
the  tube  to  that  fide  which  is  fartheft  from  itj 
which  is  therefore  repelled.- 

It  is  eafy  to  perceive,  from  this  and  the  fcwe=> 
going  experiments,  that  it  is  not  the  mere  mat- 
ter which  is  attracted,  but  that  tht  different 
phoenomena  are  occafioned  by  the  ftate  of  the 
eleiftric  fluid,  in  thofe,  fubftances  which  are 
influenced  by  the  machine, 

ExPiSLIMENt        XXVlt 

l*ut  a  pointed  wire  into  one  of  the  holes 
which  are  at  the  eh'dof  the  cohduflor,  hold  a  glafs 
tumbler  over  the  point,  then  eled:rify  the  cbn- 
duftor,  and  turn  the  tumbler  round,  that  the 
whole  interior  furface  may  reeeive  the  fluid 
from  the  point,  place  a  few  pith  bails  on  the 
table,  and  cover  them  with  this  glafs  tumbler, 
jh€  balls  will  immediately  begin  to  leap  up  atid 

E  dow© 
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down  as  if  they  were  animated,  and  Will  con- 
tinue to  move  for  a  long  time.-*-^See  fig*  2  r*      ■ 

This  experiment  may  be  agreeably  varied 
ivith  two  tumblers*  Eledtrify  the  infide  of  one 
poiitively,  of  "the  other  negatively  ;  put  the 
balls  in  one  tiimbler,  and  then  bring  the  mouths' 
of  both  in  contad:,  the  balls  will  pafs  from  one 
to  the  other,  till  the  contrariety  between  them 
is  deflroyed. 

An  ele<flric  fubftance  contained  between  pa- 
rallel fur  faces  J  however  difpofed,  i"9  called  an 
c!e(ftric  plate. 

Experiment      XXVIII. 

V  Elediriiied  fubflances  will  attrad  thofe  which 
are  not  eleflrified,  although  a  thin  eiefbric  plate 
be  interpofed  between  them. 

Experiment      XXIX. 

Bodies  eled:rlfied  with  contrary  powers  at- 
traift  each  other  ftrongiy,  although  an  eledric 
plate  is  interpofed  between  them. 


CHAP. 
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CHAP.      IV. 

Attra5lion  and  Repuljion  conjideredy  relative 
to  the  two  Jlates  of  Ekdlrkity^ 

T¥i  E  experiments  defcribed  in  this  cliaptef* 
are  fimpie,  ealily  performed,  and  certain 
in  their  refults  ;  andy  though  they  may  at  firfl 
fight  appear  to  be  trifling,  yet,  on  an  attentive 
exariiinatidti,  theiy  will  be  found  of  cOnfiderable 
importance,  as  they  afford  a  clue  to  invefligatc 
and  explain  a  variety'  of  eleflrie  pheenomena^ 
and  exhibit,  ih  a  ftrong  point  of  view,  fome  of 
the  contrary  effeels  of  negative  and  pofitive 
eledricity. 

Thefe  experiments  may  all  be  made  with  ^ 
fmall  and  portable  apparatus  ;  conlifling  gene* 
rally  of  two  brafs  tubes,  as  A  and  By  fig.  22, 
each  of  thefe  is  fupported  on  a  glafs  pillar  Gy 
*vhich  ferews  into  a  wooden  foot  H,  a  pair  of 
fmall  pith  balls  fufpended  on  linen  threads,  as 
I,  K,  fit  iipoit  each  tube  by  means  of  a  fiTiall 
brafs  ring  ;  thefe  tubes,  with  a  piece  of  fealins 
wax  or  a  glafs  tube,  are  fufficient  to  illuflrate 
the  greater  part  of  the  experiments  in  this 
chapter,  as  well  as  fome  of*  the  principal  phos- 
nomena  in  electricity. 

E  z  th^ 
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The  apparatus  will  be  rendered  more  com- 
plete by  the  addition  of  two  more  brafs  tubes 
with  their  ftands,  a  fitiall  Leyden  phial,  and 
a  piece  of  varnilhed  lilk. 

Mr.  Wilfon,  in  a  maflerly  tra<?^  on  this  fubje<?!^ 
entitled,  "  A  ihort  View  of  Eledricity,"  has, 
with  a  iimilar  apparatus,  explained  and  il* 
iuflrated   all   its   general   principles* 


Ex  piRiMENT     XyLX. 

Touch  a  pair  of  infulated  pith  balls  with  an 
excited  glafs  tube,  they  will  become  eledrified, 
an<i  Will  feparate  from  each  other  ;  the  balls  arc 
cle<flrified  poiitivelyy  and  are  therefore  attraft- 
cd  by  excited  wax,  and  repelkd  by  excited 
glafs. 

Experiment     XXXI. 

Hold  an  excited  glafs  tube  over  one  of  the. 
brafs  tubes,  but  at  fome  diftance  from  it,  part 
of  the  natural  quantity  of  eled:ricity  contained 
in  the  brafs  tube  will  be  driven  into  the  pith 
balls  that  are  annexed  to  it,,  by  the  excked  glafs, 
the  bails  will  diverge  with  politive  eledricity ;. 
remove  the  excited  glafs,  the  balls-  will  thei? 
return  to  their  natural  ftate  and  elofe, 
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Experiment     XXXIL 

Eleflnfy  the  pith  balls  that  are  fufpended 
from  the  brafs  tube  A,  fig.  27,  then  bring  the 
end  of  this  tube  in  contaft  with  the  end  of  the 
tube  B,  the  balls  of  which  are  un-ele6trified  ; 
the  flock  of  electricity  given  to  the  tube  A  will  be 
p^ually  divided  betweerj  each  pair  of  balls, 
thofe  of  the  tube  B  will  open,  and  thofe  of  A 
tyiil  clpfe  a  little. 

Experiment      XXXIII. 

E}e6lrify  the  tubes  A  and  B,  fig.  27,  equally 
?ind  with  the  faine  power,  put  the  ends  pf  the 
tubes  together,  and  the  divergence  of  the  balls 
^ill  npt  be  altered. 

E3^PEI^IMENT        XXXIV.  ^ 

Eleftrify  the  tubes  equally,  but, with  the  dif- 
ferent powers,  one  with  glafs,  the  other  with 
ivax,  bring  the  ends  pf  the  tubes  in  contad, 
and  the  balls  will  clofe. 

We  learn  from  thefe  experiments,  that  the 
pofitive  and  negative  powers  counterafl  each 
other  ;  whence,  if  both  are  applied  at  the  fame 
time  to  any  body,  the  eledricity  it  acquires  will 
be  only  the  difference  of  the  two,  and  confe- 
<|uently  that  of  the  ftrongefl. 

^  ^  Ex- 
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Experiment      XXXV. 

Hold  an  excited  glafs  tube  to  one  of  the  brafs 
tubes,  touching  this  tube  at  the  fame  time  with 
your  finger,  part  of  the  natural  quantity  of  the 
eledrical  fluid  refident  in  it  will  be  forced  by 
the  excited  glafs  tube  into  the  finger^  remove 
jit  the  fame  inflant  the  finger  and  glafs,  and  the 
|)alls  will  remain  negatively  ele6lrified. 

Experiment      XXXVT. 

Place  the  brafs  tubes,  A  and  B,  fig^  22,  in 
a  ftralt  line  with  their  ends  in  conta(51:,  hold  the 
excited  glafs  over  the  tube  A,  part  of  the  elec- 
tric fluid  naturally  refident  in  this  will  be  driven 
into  B ;  feparate  the  tubes,  the  balls  of  A  will  b? 
saegativc,  and  thofe  of  B  will  be  in  a  pofitiv.e 
ftate. 

Experiment      XXXVII. 

Infulate  a  long  metallic  rod,  fufpend  a  pair 
of  pith  balls  from  each  end  of  it,  place  one  of 
the  ends  at  about  two  inches  frpm  the  prime 
condud;or,  the  other  end  as  far  from  it  as  pofCi- 
ble,  ele<5lrify  the  conductor,  and  the  ele6tric 
fluid  in  the  rod  will  be  driven  to  that  end  which 
is  fu^thefl  from  the  condudor ;   fo  that  one  end 

will 
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will  be  eledlrified  negatively,    the  other  end 
pofitively,  as  will  be  feeh  by  the  balls. 

EXPE  RIMENT        XXXVIII. 

Apply  a  ilick  of  excited  wax  to  the  tube  D, 
fig.  25,  as  at  A,  while  it  remains  there  the 
balls  open  with  negative  eleftricity  ;  raife  the 
wax,  as  at  B,  and  the  balls  will  clofe  ;  raife  it 
jftill  higher,  and  they  will  open  with  pofitive 
eledricity, 

Exp  e  r  I  m  e  n  t     XXXIX. 

Excited  glafs    held  over  the  middle  of  the 
tube  A,  fig,  24,  forces  fome  part  of  the  natural 
quantity  of  eledrlcity  of  A  into  the  balls,  and 
fome  part  out  at  the  two   ends  into  the  air. 
During  this  experiment,  the  balls  of  A  are  re- 
pelled by  glafs,  and  are  therefore  in  a  pofitive 
ftate ;  but,   after  the  excited  glafs  is  removed, 
they  in  a  very  little  time  change  to  a  negative 
ftate,  becaufe  part  of  the  natural  quantity  had 
efcaped   from  the   pointed  ends  into   the  air, 
while  the  glafs  was  held  over  the  tube;  but, 
when  the  glafs  is  removed,  the  over-charge  in 
the  balls  will  of  courfe  return,  and  diffufe  itfelf 
equally  in  the  tube,  but  as  this  is  not  fufficient 
to  balance  the  lofs  fuHained,   the  tube,  thread, 
and  balls  mufl  be  in  a  negative  flate,  -- 

E  4  Ex- 

*  Wilfon's  Short  View  of  Eledlricity,    p.  7. 
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Experiment      XL. 

Place  three  tubes.  A,  B,  C,  fig.  25,  in  ft 
line  near  to,  or  in  contafl  with;  each  other  f 
excited  glafs  held  over  A  forces  out  part  of  the 
natural  quantity  of  fluid  contained  in  A  iptd 
B  and  C  j  feparate  A  from  B  and  C^  A  will  be 
cleftrified  negatively,  B  and  C  will  be  in  a  pofi- 
tive  ftate.  Put  the  three  tubes  into  their  former 
lituation,  the  -equilibrium  will  be  reflored,  and 
fthe  balls  will  coUapfe,* 

Experiment      XLL 

Place  four  tubes,  as  A,  B,  C,  D,  fig.  2^, 
in  contaft  with  each  other  ;  excited  glafs  held 
over  A  forces  part  of  the  fluid  contained  in  it 
into  B,  the  quantity  received  in  B  will  forcip 
out  a  certain  portion  from  Q  iptp  D ;  the  jnQ- 
ment  before  the  excited  glafs  is  removed  fron^ 
A,  feparate  B  and  D  from  A  and  C,  after 
which  it  will  be  found,  that  A  and  C  are  in  a 
negative,  and  B  ^p4  D  in  a  pofitive,  fl;ate.  ** 

ExPERlUf^NT        XLIL 

Excited  glafs  held  at  about  one  inch  diflance 
from  the  end  B,  of  a  folid  cylinder  of  glafs  B,  D, 
ligo  28,   PI.  Ill,   which  is  fix  feet  long,   and 

about 
•Ibid,  p.  8. 
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skout  balf  an  inCii  diameter,  will  force  part  of 
the  fluid  at  the  end  B  towards  the  remote  end 
iD  ;  but,  in  doing  this,  the  natural  quantity 
belonging  to  the  glafs  will  undergo  feveral  aU 
ferations,  which  are  difcovered  by  the  effed  an 
excited  glafs  tube  has  on  a  number  of  pith  balls, 
which  are  fufpended  at  equal  diftances  from 
each  other  between  B  and  D  ;  in  a  little  Ipace 
^f  time  the  eledricity  of  thefe  is  changed,  thofc 
jthat  were  pofitive  will  become  negative,  an4 
|:hofe  that  were  negative  will  become  pofitive. 

If  the  excited  glafs  is  held  in  contad:  with 
the  end  B,  the  additional  quantity  received  at 
B  will,  ingoing  towards  D,  caufe  feveral  al- 
|:eratipns  in  the  deniity  of  the  fluid  in  B  D,  but 
thefe  alterations  will  be  converfe  to  the  former, 
and  after  a  little  time  will  alfo  be  reverfed. 

It  may  be  inferred  from  thefe  experiments, 
that  whenever  tjie  eleduric  fluid  in  any  body  be- 
icomes  fuddenly  more  denfe  in  any  one  part, 
the  fluid  in  the  neighl^ouring  parts  wijl  be 
more  rare,  and  vice  verfa..  Thefe  alternate 
changes  of  rarity  and  denfity  mufl,  from  the 
nature  of  an  elaftk  fluid,  continue  to  ofcillate, 
many  times  backwards  and  forwards  before  the 
fluid  can  be  at  reft  ;  thpugh,  when  thefe  mo- 
tions are  weakened  to  a  certain  degree,  they  are 
ingpefceptible  to  the  obferver.  "^ 

It 

*  Ibid,  p.  i|. 
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It  IS  not  improbable  that- the  attraflive  snd 
feptil£ve  motions  of  eledtrified  bodies,  are  ow- 
mg  to  the  alternate  condenfation  and  delatation 
®f  the  €led:ri€  fluid  on  the  furface  of  thefe  bo- 
dies^,  as  they  are  naturany  carried  where  thej 
meet  with  the  ieaft  refiftance. 

That  there  is  a  vibratory  motion,  or  flrugglcy 
Ijctween  the  eled:ric  fluid,  when  in  adlion,  and 
the  2L\Ty  is  evident  from  that  fenfation  which  is 
lek  when  a  ftrongly  excited  eiedric  is  brought 
near  any  part  of  the  human  body  ;  this  is  fuch 
as  would  be  occafioned  by  a  fpider's  web  drawn 
lightly  along  the  ikin.  This  cireumflanee  is 
rendered  more  clear  by  an  experiment  made  by 
Br»  Prieflley,  in  order  to  difcover  whether 
efedricity  was  concerned  in  the  freezing  of 
water. 

Experiment     XLIII. 

He  placed  two  difhes  with  water  in  the  open 
air  in  the  time  of  a  fevere  frofl,  one  of  them  he 
kept  ftrongly  eledirified,  and  could  obferve  no 
difference  io  the  time  when  it  began  to  freeze, 
or  in  the  thicknefs  of  the  ice  when  it  had  been 
frozen  fome  time ;  but  he  obferved,  oh  each 
fide  of  the  eledlrified  wire,  the  fame  dancing 
-vapour  which  is  feen  near  the  furface  of  the 

earth 
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«arth  in  a  hot  day,  or  at  any  time  near  a  body 
ftrongly  heated. 

It  appears,  from  feveral  experiments  of  Be* 
caria,  that  if  the  air  is  thoroughly  exhaufted 
from  a  glafs  receiver,  the  attradion  and 
repulfion  of  eledrified  bodies  within  the  re- 
ceiver, grow  languid,  and  Ibon  ceafe  altoge- 
ther. 

]^xperimenfs   en  the  eJfra^ion  and  repulfion 
of  excited  fdk  ribbons. 

Experiment      XLIV. 

Put  a  black  and  a  white  ribbon  together,  and 
^Iraw  them  through  the  Angers ;  by  this  opera- 
tion the  white  ribbon  will  be  eledirified  pofi« 
lively,  the  black  negatively,  and  will  confe* 
quently  repel  each  other. 

Experiment      XLV. 

Lay  either  of  the  ribbons  upon  a  quire  of 
paper,  and  draw  over  it  amber,  fealing-wax, 
or  any  other  negative  eledric,  the  ribbojis  will 
be  excited  poiitively. 

If  pofitive  ele<5lrics  are  drawn  over  the  rib- 
bons, they  will  be  excited  negatively. 

Ex- 
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Experiment      XLVL 

A  piece  of  flannel  and  a  black  ribbon  will 
^xcite  as  well  together  as  a  black  and  white 
ribbon,. 

Experiment      XLVIL 

Pry  two  white  iilk  ribbons  at  the  fire,  ex- 
tend them  on  any  fmooth  plane,  draw,  the  edg© 
of  a  fnarp  ivory  rule  over  them;  while  they 
continue  on  the  plane  they  do  not  feem  to  have 
acquired  any  eledricity, '  yet,  when  taken  up. 
fcparately,  they  are  obferved  to  be  negatively 
eleflrllied,  and  repel  each  other. 

When  they  are  feparated  from  each  other 
el.dric  fparks  are  perceived  between  them,  but- 
when  they  are  again  put  on  the  plane,  no  light 
is  perceived  without  a  fecond  fri6:ion* 

Experiment      XLiVIII. 

Place  the  ribbons  on  a  rough  conducing  Tub- 
llance,  rub  them  as  before,  and  they  will,  on 
their  feparation,  fhew  contrary  eledricities, 
which  will  alfo  difappear  when  they  are  joined 
together. 

If  the  ribbons  are  made  to  repel  each  other 
and  then  joined  together,  and  placed  on  the 

fore- 
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fore-mentioned  rough  fubftance,  they  will  in  a 
few  minutes  be  mutually  attraded  ;  the  upper- 
moft  being  pofitively,  the  undermoll  negatively, 
eledlrified. 

When  two  white  ribbons  receive  their  fric- 
tion on  a  rough  furface,  they  always  acquire 
contrary  eledlricities ;  the  upper  one  is  nega- 
tively, the  lower  one  pofitively,  eledriiidid. 

EXP^ERIMEWT       XLIX. 

When  two  ribbons  are  mSde  to  repel  each 
other,  draw  the  point  of  a  needle  lengthways 
down  one  of  them,  and  they  will  rufli  toge-» 
ther. 

Experiment      L. 

Bring  an  eledrified  ribbon  near  a  fmall  infu-* 
lated  metallic  plate,  it  will  be  attraded  but 
feebly ;  bring  a  finger  near  the  plate,  a  fpark 
will  be  obferved  betv/een  them,  though  both 
together  ihew  no  figns  of  eledtricity ;  on  the 
feparation  of  the  ribbon  they  again  appear  to 
be  eleftrified,  and  a  fpark  is  perceived  betweeo 
the  plate  and  the  finger. 

Experiment      LI, 

Lay  St  number  of  ribbons  of  the  fame  colour 
ypon  a  fmooth  conducing  fubflaace,  draw  the 

ivory 
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ivory  rule  over  them,  take  them  up  fingly/  aft'd 
each  will  give  a  fpark  at  the  place  where  it  i? 
feparated  from  the  other ;  the  laft  will  do  the 
fame  with  the  eondii6tor  j  they  are  all  negatively 
eledrified^  Take  them  from  the  plate  together,- 
they  will  all  cohere  in  One  mafs,  which  is  nega- 
tively eledrified  on  both  fides,* 

Experiment      Lit. 

Let  them  be  placed  on  a  rough  coriduc^lifig: 
fubftance,  and  then  be  feparated  fingly,  begin- 
ning wdth  the  lowermdft,  fparks  appear  as  be- 
fore, but  all  the  ribbons  will  be  eledlriiied  po- 
fitively  exicept  the  uppermoft.  If  they  receive 
the  friction  upon  the  rough  condu6lor^  afid  are 
all  taken  up  at  once,  all  the  iritermediate  rib- 
bons acquire  the  eleftricity  of  the  highell  or 
lowefl,  according  as  the  feparation  is  begun^ 
tvith  the  highefl:  or  the  lowelt*- 

The  following  very  curious  dbfervations  and 
experiments  were  made  by  Mr.-  Sym.mer.  He 
had  been  accuftomed  to  wear  two  pair  of  filk 
flockings,  a  black  and  a  white,-  when  thefc 
Were  pulled  off  both  together  no  figns  6f  elec-' 
tricity  appeared  j  but,  on  pulling  off  the  black 
ones  from  the  white,  he  heard  a  fnappin'g  or 
cracking  noife,  and  in  the  dark  perceived 
fparks  between  them«     To   produce   this  and' 

the 
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the  following  ap^pearances  in  great  perfeSion, 
it  was  only  neceflary  to  draw  his  hand  feveral 
times  backward  and  forward  over  his  leg  witii 
the  llockings  upon  it* 

When  the  ftockings  were  fepiarat^d  a^d  lieM 
at  a  diftance  from  each  other,  both  of  them  a|^ 
peared  to  be  highly  excited  ;  the  white  fi:ockin;g 
poiitivelyj  the  black  negatively.  While  lijfjy 
were  kept  at  a  diftance  from  each  other,  b0t3a 
of  them  appeared  inflated  to  fuch  a  degree  dia£ 
they  exhibited  the  intire  ihape  of  the  leg« 
When  two  bhck  or  two  white  flockings  afc 
held  in  one  hand,  they  repel  one  another  wi& 
conliderable  force.  W^hen  a  white  and  a  black 
ftocking  were  prefented  to  each  other  they  were 
mutually  attrafled,  and  rufh  together,  if  per- 
mitted, with  great  violence.  As  they  ap«- 
proach  the  inflation  gradually  fublides,  and 
their  attradion  of  foreign  obje&  diminiihes, 
but  their  attracflion  of  one  another  increafesi 
when  they  actually  meet,  they  become  flat  aiad 
joined  clofe  together,  like  fo  many  folds  oi 
filk  ;  when  feparated  again,  their  eledric  virtus 
does  not  feem  to  be  in  the  ieaft  impaired  for 
having  once  met.  The  fahie  appearances  wi^ 
be  exhibited  by  them  for  a  conliderable  time^ 

When  the  ftockings  were  fuffered  to  meet, 
they  ftuck  together  with  conliderable  force; 
at  firft  Mr.  Symmer  found  they  required  from 

one 
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one  to  twelve  ounces  to  feparate  them.  AncP 
tker  time  they  raifed  1 7  ounces.  Getting  the 
black  ftdckings  new  dyedy  and  the  white  ones 
walhed,  and  whitened  in  the  fumes  of  new  ful- 
phur,  and  then  putting  thefn  6ne  within  the 
other,  with  the  rough  fides  together,  they  re- 
quired three  pounds  three  ounces:  to  feparate 
them* 

When  the  white  flocking  was  put  within 
the  black  One,  fo  that  the  outfide  of  the  white 
was^  contiguous  to  the  infide  of  the  black,-  they 
raifed  nine  pounds,  wanting  a  few  ounces^' 
ivhen  the  two  rough  furfaces  were  together  they 
yaifed  fifteen  pounds,  one  penny  weight,  and  a 
half. 


CHAf^ 
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C  H  A  P.       V. 

.    Of   the    EleBric    Spark, 

Experiment     LIII. 

FI X  the  wire  and  ball  B  to  the  end  of  tlie 
condudior,  as  at  A,  fig.  29,  turn  the  cy- 
linder, and  then  bring  the  knuckle,  or  another 
metal  ball,  as  c,  towards  B  ;  if  the  machine 
i§  powerfuU,  a  long,  crooked,  brilliant,  elec- 
tric .,  fpark,  with  the  appearance  of  fire, 
attended  with  a  fnapping  noife,  will  pafs  be- 
tween the  two  balls,  or  between  the  knuckles 
and  ball. 

The  experiments  in  the  foregoing  chaptef 
fhow,  that  thofe  fubftanccs  which  are  brought 
within  the  influence  of  eled:rified  bodies,  will 
become  polfeffed  of  a  contrary  eledtricity,  and 
are  confequently  in  a  proper  flate  to  receive  at 
fparkfrom  any  body  that  is  charged  with  elec- 
tric matter ;  and,  *when  brought  near  enough, 
they  will  receive  the  fluid  in  one  explofion.  If 
the  conduQior  is  negative,  it  receives  the  fluid 
from  the  approaching  body.  The  fpark  does 
not  explode  at  the  greateft  diftance  on  a  given 
body,  until  it  has  firfl:  been  made  to  llrike  at 
F  fome 
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fome  rmaller  diftance,  wliiGh,   as  it  were,  en- 
tices the  difcharge  gradually  forwards. 

The  longed  and  moil  denfe  fparks  proceed 
from  that  end  of  the  condudtor  wKich  is  far- 
theft  from  the  cylinder,  though  long  curvilinear 
fparks  m.ay  alfo  be  taken  near  the  infulating 
pillar  which  fupports  the  cbhduftor.- 

The  fpark,  or  quantity  of  electricity  dif- 
charged,  is  nearly  in  proportion  to-^the  fize  bf 
the  conductor  ;  fo  that  larger  and  longer  fparks' 
are  obtained  from  a  conductor  whicb  has  a 
confiderable  furface,  than  from  a  fmail  one.^ 
This  has  been  extended  fo  far,,  that  the  force! 
of  the  fpark  from  a  condudor  has  heen  equal 
to  a  Ihock  from  a  good  fized  phial. 

The  momentum  or  effort  of  the  efe^lfric' 
fluid  feems  to  be  produced  by  the  incumbent 
preffure  of  the  atmofphere  on  the  eleflric  mat-' 
ter,  and  the  prefTure  of  one  part  of  this  matter 
upon  another  ;.  v.'hieh  mufi  be  very  great,-  if 
the  parts  of  it  are  in  contad:,  or  acl  inimedi- 
atelyone  on  the  other  throughout  the  vv'ideim- 
meniity  of  fpace. 

When  the  quantity  of  ekdrlcity  is  f.ii^.11,. 
and  incapable  of  ilriklng  at  any  confiderable 
diilance,  the  fpark  appears  ftrait ;  but,  when 
it  is  ilrong,  and  capable  of  ftriking  at  a  greater 
diflance,  it  affbmes  a  crooked  or  Z2p--zas:  di- 
reclion  i    and  this^  probably,  becaufe  the  more' 

fluid 
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fluid  eleftrlc  matter  has  to  pafs  with,  great' fa- 
pidity  through  the  denfer  and  liefs  fluid  at- 
fnofphere^  which  reciprocalij,  adt  upon  each- 
dther.- 

It  will  be  feen,  by  a  great  variety  of  expe- 
rlmentSj  that  the  eleftric  fluid  is  diffipatcd, 
unlefs  it  is  refifted.  by  the  preiru'fe  6i  the  at- 
mofphere,  which  keeps  the  fire  together  in  a 
bo'dyy  and  by  concentrating  it  inereafes  its 
fplendor.  The  fpafk  which  explodes  in  the 
uir  is  vivid,^  like  lightening  5  but,  if  the  fame 
is  tried  in  ah  elhauiled  receiver,  inflead  of  a- 
fpark  a:nd  cxploiion,  we  have  only  a  filent, 
faint^   diluted  flream. 

Beccaria  fays,  that  fne  air  fefifts  the'eleftric, 
fpark  in  proportion  to  its  denfity,  and  the  thick-' 
nefs  of  the  iiratum  it  oppofes  to  the  fpark.  Or 
the  length  of  the  paifage  they  open  for  them- 
felves  throuErh  its  fj.bftance,  Ke  aifo  fhews, 
hy  a  variety  of  experiments,  that  the  air  is 
•  driven  in  every  dlrediion  by  the  eledtic  fmid 
with,  a  force,  the  adion  of  v/hich  does  not  im- 
Inediately  fubfide. 

The  i|^kdric  fpark  appears  of  a  diiferent' ' 
colour-  according  to  its  deniity  :  when  it  is  'rare,' 
it  appears  of  a  blueiih  colour  ;  wli^n'mote  denfe,^' 
i',  is  purple;  when  highly  condenfed,  it  is'cleaf ' 
and  v/liitc  like  the  light  of  the  fun,    "    ■' 

-        F  2  The 
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■  The  middle  part  of  an  electric  fpark  often  ap* 
pears  diluted,  aad  of  a  red  or  violet  colour, 
tke  ends  are  more  vivid  and  white^  probably 
becaufe  tbe  fluid  meets  with  the  greateil  rellil^ 


ance  at  its  entrance  and  exit, 
.  The  fpark  is  fometimes  divided  Into  manf 
partSj  as  in  fig.  30.     The  rays  of  the  pencil 
eoiicentrate  where  they  flrike   the   ball,    and 
form  upon  it  many  denfe  and  feining  fparks. 


ExPERtMENf        LIT. 
/■ 

Place  an  Ivory  bail  on  the  condu^lor,  take  a 

ilrong  fpark,  (or  pafs  the  charge  of  a  Leyden 

l30ttle  through  the  center  of  it)  the  ball   will 

s^ppear   perfciftly   luminous.    If  the  charge  is 

BOt  taken  through  the  center^  it  will  pafs  over 

snd  corrode  the  furface  of  the  balL 


EXPIRIMENT.       LV. 

Take  a  fpark  through  a  ball  of  box-wood, 
and  it  will  appear  of  a  beautiful  crimfon,  or  ra- 
ther a  fine  fcarlet  colour  :  or  the  fhock  may  be 
palTed  through  pieces  of  wood  of  different 
thicknelTes  and  denfity,  which  will  afford  a 
very  ample  Seld  for  obfervation  and  experi- 
ment.-  . 

-'     '  The 
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The  two  foregoing  experiments  are  fo 
analagous  to  the  famous  experiment  of  Mr» 
Hauxibee,  and  feme  others  v  hich  have  been 
made  lince  his  time,  that  I  have  fubjoined 
them,  and  hope  they  will  lead  to  a  further  in- 
vcfl:igation  of  this  curious  fubjedu 


Experiment     LVI. 

Mr.  Hauxibee,  lined  more  than  half  theinfide 
of  a  glafs  globe  with  fealing  wax,  he  exhaulled 
the  globe,  and  put  it  in  motion,  when,  on  ap- 
plying his  hand  to  excite  it,  he  faw  the  Ihape 
and  figure  of  it  as  difciniflly  on  the  concave  fu» 
periicies  of  the  w.ax  within^  as  if  only  pure 
glafs  had  intervened  between  his  eye  and  his 
hand.  The  lining  of  wax,  where  it  was  thin- 
eft,  would  but  juft  allow  the  light  of  a  candle 
to  be  feen  through  it  in  the  dark.  In  fome 
parts  the  wax  was  at  leaft  an  eighth  part  of  an 
inch  thick ;  yet,  even  in  thofe  places,  the  ftiape 
and  figure  of  his  hand  were  as  dillinguilhable 
as  any  where  elfe. 

Beccaria  difcharged  an  electric  fhock  through 
fome  brafs  duft  fprinkled  between  two  plates  of 
fealing  wax  ;  the  whole  was  rendered  perfedly 
luminous  and  tranlparent. 

F  3  Ex- 
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Experiment      LVII. 

This  extraordinary  experiment  was  made  hf 
Pr.  Prieftley,  and  is  thus  defcribed  by  him. 
I  laid  a' chain,  which  was  in  contaft  with  the 
putfide  of  a  jar,  lightly  on  my  finger,  and 
fometimes  kept  it  at  a  fmall  diftance  by  means 
of  a  thin  piece  of  glafs.  If  I  made  the  dif- 
charge  at  the  diilance  of  about  three  inches, 
the  eledtric  fire  was  vilible  on  the  furface  of 
the  finger,  giving  it  a  fudden  concuilion,  which 
feemed  to  make  it  vibrate  to  the  very  bone ; 
and,  when  it  happened  to  pafs  on  that  fide  of 
the  finger  which  was  cppolite  to  the  eye,  the 
whole  feemed,  in  the  dark,  perfecfily  tranf-* 
parent. 

Experiment      LVIII. 

/ 

-  CQnne<5l  one  end  of  a  chain  with  the  outfide 
V  pf  a  charged  jar,  let  the  other  end  lye  on  the 
table,  place  the  end  of  another  piece  of  chain 
at  about  biie  quarter  of  an  inch  diflance  from 
the  former,  then  fet  a  decanter  of  water  on 
-^hefe  feparated  ends,  snd,  on  making  the  dif^ 
charge  through  the  chain,  the  water  will  appear 
periccliy  and  beautifully  luminous., This experir 
inent  a  as  communicated  to  me  by  Mr.  Haas,  the 
inv^itor  of  an  improved  air  pump,    which  far 

exceeds 
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exceeds  thofe   that   have  been  hitherto  made 
pfe  of. 

Do   not   tliefe    experiments    indicate,     that 
there  is  a  fiibtle  medium  both  in  eledric  and 
.  non-ele6lric  bodies  that  renders  them  tranfpa-.  ^ 
rent  when  it  is  put  in  motion  ? 

.  -  EXP-ERIiyiENT.       LIX. 

The  fparks  taken  over  a  piece  of  filver  lea* 
ther  appear  jsf  ■  a 'gfeeij  jdolour. 

..  '.VCliG;    E«PERfM'BJf  T       LX» 

E  F,  fig.  31,   Is  a  glafs  tube,   round  which^ 
at  fmail  but  equal  diflances  from  each  other, 
pieces  of  tin-foii  are  pafled  in  a  fpiral  form, 
(hence  it  is  called  the  fpiral  tube)  from  end  to 
end ;  this  -tube  is  inclofed  in  a  larger  oac,  fitted 
with  brafs  caps  at  each  end,  which  are  cgtnned* 
ed  with  the  tin-foil  of  t|ib  inner  tube,^    Hpld 
one  end  in  the  hand,  and  app^y  the  other  near 
enough  to  the  prime  conducl6|-  to  take  {parks 
from  it,  a  beautiful  and  lucid  fpot  will  then  be 
feen  at  each  feparation  of  the  tin-foil;  thele 
multiply,  as  it  ^vere^,  the  fpark  taken  from  the 
condudor,    for^^    if  there  was  np  break  in  the. 
tin-foil,  x\\^  f l^<^ric  fire  would  pafs  off  unper- 
feiv^d^ 

F  4  £2> 
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Experiment     LXI. 

The  Luminous  Word.- This  experiment 

.  js  exafllj  on  the  fame  principles  as  the'  fore- 
goings  The  word  is  formed  by  the  fmall  fc- 
paratioRS  made  in  the  tin-foil,  which  is  pafted 
on  a  piece  of  glafs,  that  is  fixed  in  a  frame 
of  baked  wood,  as  is  reprefented  i^  fig.  32. 
To  make  the  experiment,  hold  the  frame  in 
the  hand  and  prefent  the  bail  G  to  the  ccm|- 
duflor,  the  fpark  received  on  this  will  be 
communicated  to  the  tin-foil,  and  follow  it  in 
all  its  windings,  till  it  arrives  at  the  hook  h, 
and  is  .conveyed  from  thence  to  the  ground  by 
a  chain  ::  the  lucid  appearance  at  each  break 
exhibits  a  word  in  characters  of  firco 

Experiment      LXII. 

To  take  the  eleelric  fp^rk  with  a  metal  point; 

fcrew  a  pointed  bxafs  wire  into  one   end  of  a 

fpiral  tube,   and   prefent   it  to  .the  gonduftor 

•  whiie' the  machine  is  in  aclion,  when  a  ftrong 

/park. will  pafs  between  the  conductor  ajid  the 


E  X  P  E  s.  I  M  E  N  T       LXIIL 

Take  a   clean   dry  glafs  tube,   of  ajjout,.^ 
quarter  of  an  inch  bore^  infert  a  pointed  wire 


f 


jn 
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in  tills  tube,  keep  the  pointed  end  at  fome  dif- 
tance  from  the  end  of  the  tube,  let  the  other 
end  be  conned:ed  with  the  ground,  bring  the 
former  towards  the  prime  condudlor,  and  flrong 
^ig-zag  fparks,  attended  with  a  peculiar  noife, 
■will  pafs  between  the  conductor  and  the  point.    ^ 

The  reparation  between  the  pieces  of  tin-foil, 
'in  experiment  62,  forms  a  refiftance  which  hin- 
"ders  the  immediate  reception  of  the  eleilric 
fluid,  a-nd  thus,  in  Ibme  meafure,  prevents  the 
"comfrran  afti-on  of  the  point  on  the  condndor  i 
or,  in  other  words,  the  power  of  a  point  to  pre- 
vent an  explolion,  depends  on  its  having  a  per- 
itOi  uninterrupted  metallic  communication 
with  the  earth  ;  though  this  is  not  quite  fuihci- 
cnt,  as  mayl3e  feen  by  Ex.  LXIII,  where  the 
fluid  is  concentrated  ancl  coUefted  by  the  non- 
condufling  fubftance,  which  furrounds  the 
■point. 

Exp  e.-r  i  m  e  n  t     LXIV. 

Let  any  ,perfon  ftand  on  the  infulating  fk)ol, 
■and  conneft  himfelf  by  a  wire  or  chain  with  the 
prime  condudor,  he  will  then  exhibit  the  fame 
•appearances  which  are  obtained  from  the  con- 
iludor,  and  will  attraifl  light  bodies,  give  the 
fpark,  &c.  and -thus  afford  a  pleafing  mode  of  di- 
verfifying  every -experiment.  It  is  abfolutely  ne- 
■  -  ceiTarv, 
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^cefiary,  to  the  complete  fuccefs  of  this  experU 
..fiientj  that  no  part  of  th6  cloaths   touch  th^ 
.  floor,    table,    ccc,    and  that  the  glafs   feet  b« 
.  drcfully  (dried  ;   a  Iheet  of  dry  brown  paper 
placed  under  the  ftool,  will  be  found  of  con- 
siderable  fervice,   by  rendering  the  infuktion 
mor?  coiTipIeat. 

.  If  the  infulated  perfcn  lays  his  hand  on  the 
eloaths  of  one  that  is  not  fo,  efpecially  if  they 
ure  woollen,  they  will  both  feej  as  it  were  many 
j;ins  pricking  them^,  as  long  as  the  cylinder  Is> 
iii  motion. 

Experiment      LX  V. 

■  To  fire  fpirits  of  wine  with  the  ek^lric  fparfc^ 
Heat  the  ladle,  fig.  33,  then  pour  a  fmali 
quantity  of  fpirit  of  wine  into  it,  and  fix  it  hy 
its  handle  to  the  end  of  the  prime  conductor  ;^ 
or^  fire  the  fpirits,  and  blow  them  out  a  fevf 
fiiinutes  before  the  experiment  is  made;  take 
a  fpark  through  the  middle  of  the  ladle  with  a 
brafs  ball,  and  the  fpirits  will  be  fired  by  it. 

Or,  let  a  perfon,  {landing  on  an  infulating 
flooi  and  connected  with  the  prime  conduiftorj^ 
hold  the  ladle  with  the  fpirits  in  his  hand,  and 
let  a  perfon  on  the  floor  take  a  fpark  through 
them.,  and  they  will  be  fired.  The  experi- 
IRerti  anfv;ers  equally  well^  if  the  perfon  on  the 

floor 
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^oor  holds  the  ladle^    ai^d  the  infulated  perfon 
pkes  the  fpark. 


E^cper'iment     LXVI. 

If  oil  of  turpentine  is  fet  on  fire  in  a  veflel 
-which  is  pla.ced  on  the  condiidcr,  and  the 
imoke  is  received  on  3  plate,  held  by  a  perfon 
llanding  on  an  infulated  flool,  he  will  be  elec- 
trified thereby,  and  enabled  to  fire  fpirits  of 
wine,  &c.  If  the  infulated  perfon  holds  a  brafs 
wire  at  the  top  of  the  flame  of  burning  fpirits 
of  wine  which  is  conned:ed  with  the  condudor, 
he  will  alfo  become  electfified.  Hence  we 
lind,  that  either  fmoke  or  flame  condudls  the 
eledrical  fluid,- , 

Mr.  Volta  has  fucceeded  in  obtaining  im- 
floubted  iigns  of  eledlricity  from  the  fimple 
evaporation  of  water,  and  from  various  chemjU 
cal  efFefvefcences, 


Experiment      LXVII. 

Infulate  a  fmall  crucible,  containing  three  or 
four  lighted  coals,  throw  a  fpoonful  of  water 
on  the  coals,  and  in  a  fliort  fpace  of  time,  an 
tlecirometer,  which  communicates  with  the 
coals  by  means  of  a  wire,  will  diverge  vvdth 
pcgative  elcd:ricity,    '  -^- ., 
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From  liencc  it  would  feem,  that  the  vapoin' 
©f  water,    and,  in    gcneralj    thofe   parts  of  a 
"body  that  are  feparated  by  volatilization,  carry 
away  an  additional   quantity  of  elediric  Huid^- 
as  well  as  of  elementary  heat ;    and  that  the 
Body,    from   which  thofe  volatile   parts   have 
Been  feparated,  remains  both  cooled  and  elec« 
trified    negatively ;    and,     that    thoie    which 
sre  refolvcd  into  a  volatile  elaflic  fluid,  have 
their  capacity  for  holding  common  fire,   and 
she  eleclrlc  fluid  augmented, 
-     A  fpecies  of  air  which  rs  inflammable  is  fre- 
quently generated  in  coal  mines  :  the  air  alfo 
emitted  by  ftirring'  the  mud  of  fome  f!:anding 
■waters,    has  been    found   to   be   inflammable. 
Putrefcent  animal  matter  alfo  emits  this  fluid. 
Tt  may  be  obtained  by  diflillation   from  wax, 
pitch,  amber,  coals,  and  other  phlogillic  fub- 
£ances.    The  following  is  the  moft  convenient 
method  of  procuring  it  :    put  fome  fmallr  naih 
€>r  iron  filings  into  the  bottle  r,  fig.  37,  cover 
thdh  Vv^ith.  water,  then  add  to  this  a  little  oil 
€ff  vitri©!,  about  one  quarter  of  the  quantity 
there  is  of  water,  put  the  ground  end  of  the 
bent  tube  s  into  the  mouth   of  the  bottle,  and 
pafs  the  other  end  through  the  wa:ter  of  the: 
bafon  T  into  the  neck  of  the  bottle  K,  wkicli 
is  filled  with  w^ater,  and  inverted  in  the  bafon, 
the  bottle  K  mufl  be  fupported  during  the  ope- 
ration : 


ON      ELECTRICITY.      77 

rauon  :  hi  a  little  time  tae  mlxt'UPe  will  elFer- 
verce,  aiKi  emit  s.  fl-uid  which  will  pafs  thcougli 
the  l)ent  tube,  go  into  the  bottle  K,  and  at  iail 
nil  It  totally,  expelling  the  water ;  the  botn,c 
is  then  to  be  removed,  and  corked  as  expsditl- 
oufly  as  poflible.   ' 

Fig.  39  reprefents  a  brafs  pii^ol  for  infiafr?.- 
mable  air ;  a  b  is  a  chamber  of  brais,  to  the 
mouth  a  c  of  which  a  cork  is  fitted,  a  peifora- 
ted  piece  of  brafs  fcrews  on  to  the  botLcm  oi 
this  chamber,  ^this  piece  is  reprefented  by  it fclf 
in  fig^  40)  a  glafs  ta.ibe  is  cemented  into  die 
perforation  of  this.  piece_,  and  a  brafs  wire  3s 
alfo  cemented  into  the  glafs  tube  ;  one  end  e£ 
this  wire  is  fiirnifhed  wdrh  a  ball,  the  other  -ex- 
tremity is  bent,  fo  as  to  come  within  ab.3U!:  1 
tenth  of  an  inch  of  the  brafs  piece.  Fig.  43  is  a 
brafs  cap,  which'  fcrev/s  on  the  piflol,  to  prefcrvc 
the  glafs  tube  from  any  accident.  The  air  svltk 
which  the  piftol  is  to  be  charged  Ihould  W 
kept  in  a  corked  bottle :  take  out  the  cork, 
and  apply  in  the  fame  inflant  the  mouth  of  the 
piflol  to  the  opening  of  the  bottle,  and  the 
common  and  inflammable  air  will  mix  to^ethrr, 
becaufe  the  former  being  lighter  than  the  lat- 
ter will  naturally  defcend  1  keep  the  piflol  i^ 
this  fituation  about  1 5  feconds,  then  remove  ir» 
ajid  cork  both  the  boltle  and  piilol  ?-,'lth  the 
utmofl  expedition. 

If 
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If  the  pi{iol  Is  held  too  long  over  the  bottle/ 
and  is  intirely  filled  with  inflammable  air^  if 
tvill  ndt  explode* 


Experiment     LXVIII. 

Bring  the  ball  of  the  piflol,  which  is  charged 
with  inflammable  air^  iiear  the  prime  con- 
dudor,  or  the  knob  of  a  charged  bottle,- 
the  fpark  which  paffes  between  the  end  of 
the  wire  f  atid  the  piece  g,  fig»  40^  will  fire 
the  inflammable  air,  and  drive  the  cork  to 
a  confiderable  diftanCei  This  air,  like  all 
other,  requires  the  prefence  either  of  pure  air,, 
or  the  nitrous  acid,  to  enable  it  to  burn ;  bur, 
if  it, is  mixed  with  a  certain  quantity  of  com-- 
rhon  air,  an  explofion  will  take  place  in  paffing 
the  elediric  fpark  through  it, 

Mr,  CaVallo  recommends  a  piftol  m^ade  int 
the  following  manner,  to  thofe  who  wifli  to 
make  experiments  on  the  explofion  of  inliam- 
mable  and  dephlogiilicated  air,  or  with  known 
quantities  of  common  and  inflamm.able  air« 
It  confiils  of  a  brafs  tube,  about  one  inch  in; 
diameter  and  fix  inches  long,  to  one  extremit/ 
of  which  a  perforated  piece  of  Vv'ood  is  fecurely^ 
fitted  ;  a  brafs  wire,  about  four  inches  long, 
'is "covered,  except  its  ends,  fiiil  with  fealing 
wax^  tliea  with  filk^  and  afterwards  with  feal- 
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ing  wax  again.  This  wire  is  to  be  eemented  in  die 
perforation  of  the  wooden  piece,-  (o  as  to  pro- 
jedt  about  two  inches  within  the  tube,  the  rell 
is  on  the  outfide  ;.  that .  part  of  the  wire  which 
is  within,  is  bent  fo  ~as'to  be' only  about  one 
tenth  of  an  inch  from  the  infide  of  the  brafs 
tube,  * 

To  ufe  this  piftol  i  ^11  it  with,  and  then  in- 
vert it  into  a  bafon  of  water  ;  rhake  the  re- 
quired quantity  of  inflammable  and  common 
air  in.  another  veiTel,  by  putting  in  known  and 
proportidnable  ineafures  of  each  ;  introduce 
this  mixture  into  the  piflol,  and  then  flop  it 
with  a  cork,  take  the  piftol  out  of  the  water, 
and  pafs  in  the  ufual  manner  the  fpark  of  a 
charged  jar  through  it,  arid  the  inSammabi^ 
air  will  be  fixed* 

The  inltruments  for  firing  the  iiiflamffiabld 
^Ir  with  the  elediric  fpark,  are  often  made  Id 
the  fiiape  of  a  cannon« 


*  Cavallo   <m   Air,    p.  Si?. 
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CHAP.      VL 

Of  EleSiriJied  Points, 

Experiment       LXIX. 

PRESENT  tKe  pointed  end  of  a  wire  to- 
wards a  condudtor  which  is  pofitiveiy 
eleclrified,  a  lucid  globular  point  or  ftar  will 
appear  on  the  point,  and  the  elecftric  fluid  wilt 
be  evidently  conveyed  away  and  dillipated  fram 
the  condudior. 

Experiment      LXX. 

Prefent  a  pointed  wire  towards  a  condudor 
that  is  eledrified  negatively  ;  a  lucid  cone  or 
brufh  will  be  feen  diverging  from  the  point,  and 
the  quantity  of  fire  will  be  increafed. 

Experiment       LXXI. 

The  lucid  flar  is  feen  on  the  colleding 
points  of  a  pofitive  condu6:or,  while  a  diverging 
cone  will  appear  on  a  point  placed  at.the  end  af 
the  condudtor. 
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Experiment      LXXll. 

A  lucid  cone  appears  on  the  collector  of  a 
negative  condu<5lor,  and  a  lucid  flat  on  a  point 
placed  at  the  oppolite  end  of  the  condudon 

The   fufteptibility    of  points  to  receive  of 
part  with  the  eledlric  matter^  and  the  different 
appearance   of    the    light    on   the    point,    in 
various  experiments,  has  led  many  eleftricians 
to  conclude,  that  thefe  appearances  determined, 
in  a  decilive  manner,  the  direftion  of  the  elec- 
tric fluid;     They  fuppofe,  that  the  appearance 
of  the  globular  light  or  liar  is  an  indication 
that  the    eledric  fluid     is    entering    by    that 
point;  and  that   the  fluid  proceeds   from  the' 
point   on   which   the    lucid  cone  or  brufli    is 
feen.    This  opinion  is  confirmed,  by  obferving 
that    thefe    appedrahceS    are    conformable    to 
the  laws  obferved  by  other  fluids,  which    di-^ 
verge  from  the  refiflance  they  meet  with  from 
the  air  ;  as  is  the   cafe  when   the  eleclric  fluid 
ilTues  from  a  point  placed  at  the  end  of  a  pofi- 
tive  conduflor.     To  this  it  has  been  objedied, 
that  the  rays  riiay  be  confidered  as  converging 
from  fo  m.any  points  in  the  furrounding  air  to- 
wards the  metallic  point.    But  it  is  difficult  to 
fay,  why  a  vifible  ray  fhould  be  fuppofed  to 
breakout  from  one  point  of  theatmofphere  rather 
ttian  another,  as  it  is  known  to  refill  the  pafTage 

G  of 
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of  the  fiuidy  and  feems  to  refift  it  equally  ;  and 
therefore,  when  it  proceeds  from  the  air  to  a: 
point,  it  percolates  flowly,  invifibly,  and 
equally  on  all  fides,  till  it  comes  fo  near  as  to~ 
force  its  way  through  the  intermediate  fpace, 
and  fettle  on  the  point,  where  it  will  appear  as 
aluminous  globule. 

Experiment      LXXIII. 

-Bring  an  excited  glafs  tube  near  a  point  that/ 
'  '''is  iij^eci  at  the  end  of  a  poiitively  eledtriiied'con-*- 
'^dudlor,  and  the  luminous  brulh  will  be  turned^ 
:  ojut^of  its  dired:ion  by  the  aflion  of  the  excited! 

foB^e  ;    if  the  tube  is  held  diredlly  oppolite  to- 

the  point,  the  brulh  will  vinilh^ 

Experiment      LXXIV. 

Fix  the  point  to  the  end  of  the  negative  con- 
duclojr^  the  lucid  Har  will  turn  towards  tjie 
cxcitc'd^ib©,-  ... 

Thefe  tv;o  experiments  coincide  with  and 
confirm  experiments  Sg,  70,  71,  72,  and  lead 
to  the  fame  conclufion,  viz,  that  the  brufli  is  a- 
iign  of  politive,  and  the  fiar  an  indication  of 
negative,  eledricity,  which  is  ftill  further  Gon-^ 
firmed  by  the  following  experiment.^ 

Experiment     LXXV, 

Put  a  wire,  which  has  a  ball  at  one  end,  int©' 
the  hole  at  the  end  of  a  politive  condudor, 

place 
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place  a  lighted  candle  fo  that  the  middle  of  the 
£ame  may  be  even  with  the  middle  of  the  ball, 
and  about  an  inch  from  it ;  turn  the  machine, 
and  place  the  fame  wire  at  the  end  of  the  nega- 
tive condudoi:,  the  appearance  will  be  reverfed,' 
and  the  knob  will  foon  be  heated  by  the  flame 
of  the  candle  which  is  carried  towards  it. 

Experiment      LXXVI. 

Fix  a  pointed  wire  in  the  hole  on  the  uppef 
fide  of  the  conduftor,  then  place  the  center  of 
the  brafs  crofs  K,  fig;  34,  upon  the  point,  the 
ends  of  which  crofs  are  all  bent  one  way  ;  elec- 
trify the  condudor,"    arid  the  crofs   will,  turff 
upon  its  center  with'  great  rapidity.      If  the 
room  be  darkened,  a  circle  of  light  will  be 
formed  by  the  ele(5tric  fluid  oii  the  points  of 
the  wires.     The  re-adlioh  of  the  air  on  the  di- 
verging cone  of  cled:ric  matter  gi^es  the  retro- 
grade motion  to  the  points  of  the  wire," 

The  fly  turns  round  in  the  fame  diredlon,' 
whether  it  is  eledrified  negatively  oi:  pofitively  ;• 
though  it  will  not  move  iii  vacuo,  unlefs  the 
finger,  or  fome  other  conductor,  is  applied  to 
the  glafs  receiver  op pofite  to  one  of  the  points,-- 
it  will  then  begin  to  move,  and  continue  to  da 
fobriHtly  till  the  glafs  is  charged,' 

G'  2  £x- 
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Experiment      LXXVII. 

Eledlrify  the  two  infulated  wires  MN,  oP, 
fig.  ^^,  and  the  refinance  of  the  air  againft  the 
eleftric  llream,  from  the  point  of  the  fly  L, 
(the  axis  of  which  rolls  on  the  wires)  will  force 
the  fly  up  the  declivity  of  the  inclined  plane 
M  N,  o  P. 

Experiment      LXXVIIl. 

Fig.  36  reprefents  a  fmall  crane,  which  will 
move  from  the  fame  caufe  as  the  foregoing, 
and  raife  a  fmall  weight. 

Experiment      LXXIX. 

Several  flyers  may  be  made  to  turn  at  the 
fame  time,  fee  fig.  37,  and  many  other  pleafing 
experiments  may  be  contrived  on  the  fame 
principle* 

When  the  eleftric  fluid  percolates  a  wooden 
point,  the  flream  or  cone  which  iifues  from'  it 
feems  diluted,  and  fomething  limilar  to  the 
purple  eledlric  light  w^hieh  is  obtained  in  vacuo. 
The  a6tion  of  the  eleftric  fluid  on  the  air  by  an 
electrified  point,  produces  a  fenfible  aura,,  or 
wind,  of  fufficient  force,  as  is  feen  above,  to 
put  light  bodies  in  m^otion,  or  diflurb  the  flame 

of 
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of  a  candle,  and  occafion  an  undulation  in 
fluids  ;  the  adion  of  the  fluid  is  fo  modified 
by  points  as  to  produce  an  agreeable  fenfation, 
refembling  a  gentle  breathing;  this  fenfation 
may  be  rendered  more  or  lefs  itimulating,  by 
the  refiftance  the  fluid  meets  with  in  its  action 
on  our  bodies,  an  efFe6t  which  is  produdtive  of 
great  g,dvantages  in  medical  eledlricity, 
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CHAP.     VII. 

Of  the    Ley  den    PhiaL 

H  E  experiments  upon  the  Ley  den  phial 
are  fome  of  the  moft  interefting  in  elec- 
tricity ;  they  excited  the  attention  of  the  philo- 
fopher  to  this  fubj.eft  more  than  any  other  ex- 
periment, and  are  flill  viewed  with  wonder  and 
furprizCo 

The  phcEnomena  attending  this  very  extra- 
ordinary experiment  feemed  totally  inexplica- 
ble, till  they  were  elucidated  by  the  ingenious 
theory  of  Dr.,  Franklin  ;  which,  iii  a  plain  and 
clear  manner,  accounts  for  moft  of  the  difficul- 
ties which  attend  this  intricate  branch  of  elec- 
tricity ;  and  accomodates  itfelf  fo  eafily  and  iat5f- 
fadorily  to  a  variety  of  appearances,  as  to 
make  us  almoft  Ipfe  fight  of  the  objedlions 
again  ft  it. 

Experiment      LXXX. 

Place  the  brafs  ball  of  a  coated  jar  In  contad 
with  the  prime  conductor  while  the  outfide 
.^communicates  with  the  table,  turn  the  cylin- 
der,   and    the   bottle  will  in  a  little  time  be 

charged. 
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ichRTged,  er  modify  the  eleiflric  fluid  in  a  pecu- 
liar mannen  To  difchargc  the  jar,  or  reflore 
it  to  its  natural  flate,  bring  one  end  of  a  con- 
ducing fubflance  in  contad:  with  the  outfide 
.coating,  and  let  the  other  be  brought  near  the 
knob  of  the  jar  which  communicates  with  the 
infide  coating,  a  flrong  expiofion  will  take 
place,  the  eleclric  light  will  be  vifible,  and  th? 
report  very  loud. 

Experiment     LXXXI. 

"^  Charge  the  Ley  den  bottle,    then  touch  the 
outfide   coating  with   one  hand,   and  the  knob 
with  the  other,  the  bottle  will  be  difcharged, 
and  a  fudden  peculia:^  fenfatiqn  will  be  per- 
ceived.     That    is    called  the   eledric   Ihock, 
which,  when  it  is  taken  in  this  n^anner,  gene- 
rally  afFefts  the  wriils,    elbows,    and   breaft : 
when  the  fhock  is  ftrong,  it  refembles  an  uni- 
verfal  blow.      This  peculiar  fenfation  is  proba- 
bly owing  to  the   two-fold   and  inflantaneous 
adlion  of  the  eledlric  fluid,    which  enters  and 
goes  out  of  the  body   and   the   various  parts 
through  which  it  paffes  at  one  and  the  fame 
inftant.     It  has  been  alfo  obferved,  that  nature 
has   appointed   a   certain   modification  of  the 
eledric  fluid  in  all  terreftrial  bodies,  which  we. 
violate  in  our  experiments ;  v\^hen  this  violation 
G  4  is 
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is  fmall,  the  powers  of  nature  operate  in  a  gen^ 
tie  manner  to  reftore  the  diforder  we  have  intro-. 
duced  ;  but,  when  the  deviation  is  confiderable, 
the  natural  powers  reflore  the  original  conilitu- 
tipn  with  extreme  violence. 

If  feveral  perfons  join  hands,  and  the  firft 
touches  the  outlide  of  a  charged  jar,,  and  the 
lait  the  knob,  the  bottle  will  be  difcharged, 
and  they  will  all  feel  the  Ihock  at  the  fame  in^ 
Hant  ;  but  the  greater  the  number  of  perfons 
that  join  hands  to  take  a  fhpck,  the  weaker 

It  IS. 

The  force  of  the  Ihock  is  in  proportion  to 
the  quantity  of  coated  furfaces,  the  thinnefs  of 
the  glafs,  and  the  power  of  the  machine  ;  or, 
the  effed:  of  the  Leyden  phial  is  increafed,  in 
proportion  as  we  deflroy  the  equilibrium  on 
the  furfaces. 

If  a  charged  jar  is  coated  very  high,  it  will 
difcharge  itfclf  before  it  has  received  near  the 
charge  it  would  take  if  the  coating  was  lower. 
If  it  is  coated  very  low,  this  part  of  the  furface 
may  be  charged  very  high,  but  a  confiderable 
part  of  the  glafs  is  not  charged  at  all. 

When  a  jar  is  charged  very  high,  it  will 
often  explode  or  difcharge  itfelf  over  the  glafs 
from  one  coated  furface  to  the  other  ;  or,  if 
the  glafs  is  thin,  it  will  make  a  hole  through 
it,     and    fwell    the    coating    on    both    fides, 

the 
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the  glafs  in  the  hole  will  be  pulverized,  and 
very  often  a  variety  of  filTures  will  proceed  frorri 
it>iH  various  diredlions. 

A  Ley  den  jar  very  often  recovers  its 
cledtricity,  in  a  fmall  degree,  after  a  dif- 
charge  has  been  made  ;  this  fecond  explofiqa- 
is  ca;lled  the  reliduum  of  a  charge. 

The  form  or  fizre  of  the  glafs  is  no  ways 
material  to  the  receiving  of  a  charge. 

To  avoid  receiving  the  eleflric  fhock,  be 
careful  never  to  touch  the  top  and  bottom  of 
the  jar  at  the  fame  time,  and  never  to  enter  a 
circuit  formed  between  the  inlide  and  outfide 
of  a  jar.  By  attending  to  this  obfervation,  jars 
of  any  ^ze  may  be  handled  with  fafety.  Indeed, 
the  human  frame  makes  fo  littk  re4iftance  to 
the  free  paflage  of  this  fubtle  agent,  that  no 
other  inconvenience  will  attend  a  Ihoek  from  a 
common-fized  charged  jar,  than  a  tranli-ent  dif- 
agreeable  fenfation. 

Touch  the  knob  of  a  charged  jar,  no  ihock 
v/ill  enfue ;  but  the  finger,  or  part  that  touches 
the  ball  of  the  jar,  will  be  affedled  with  a  Iharp 
fenfation,  as  if  it  had  been  pricked  with  a 
needle, 

A  charged  phial^  fet  upon  eleflric  fub fiances, 
may  be  taken  hold  of  without  danger,  either  by 
the  coating  or  the  wire ;  a  fmall  fpark  only  will 
proceed  from  either. 

Dr. 
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Dr,     FrankUfts     Theory    of    the     Leyden 
Bottle, 

Glafs  is  fuppofed  to  contain  at  all  times,  on 
its  two  furfaces,  a  large  quantity  of  the  eled:ric 
fluid  ;  which  is  fo  difpofed,  that  if  you  increafe 
the  quantity  on  one  fide,  the  other  mufl  throw 
pfF  an  equal  proportion-;  or,  when  one  fide  is 
poiitive,  the  other  muft  be  negative  ;  now,  as 
no  more  of  the  eledric  fluid  can  be  forced  on 
one  fide  than  can  go  off  on  the  other,  there  is 
no  more  in  the  bottle  after  it  is  charged  than 
was  there  before  ;  the  quantity  is  neither  in- 
ereafed  qr  lefiTened  on  the  whole,  though  a 
change  may  be  made  in  its  place  and  fituation  ^ 
\^  e.  we  m^ay  throw  an  additional  quantity  ori| 
pne  of  its  fides,  if,  at  the  fame  tim.e,  an  equal 
quantity  can  efcape  from  the  other j,  and  not 
otherwife.  That  this  change  is  efFe^ed  by  lining 
parts  of  its  two  furfaces  with  a  non-eledtric ; 
through  the  mediation  of  which,  we  are  enabled 
to  convey  the  eledric  fire  to  every  phyfical 
point  of  the  furface  we  propofe  to  charge, 
where  it  exerts  its  activity  in  repelling  the  elec- 
tric particles  naturally  belonging  to  the  other 
fide  'y  all  of  which  have  an  opportunity  of  efea- 
ping  by  the  lining  in  contact  with  this  furface, 

which^ 
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^which,  for  that  purpofe,  muft  communicate 
with  the  earth  :  when  the  whole  quantity  be- 
longing to  this  furface  has  been  difcharged,  in 
.confequence  of  an  equal  quantity  thrown  upon 
the  other  furface,  the  bottle  is  charged  as  much 
as  it  can  pofhbly  be.  The  two  furfaces  are  at 
this  time  in  a  Hate  of  violence ;  the  inner,  or 
pofitive  fide,  ilrongly  difpofed  to  part  with  its 
additional  fire,  and  the  outer,  or  negative  iide, 
equally  defirous  to  attrad:  what  it  has  iofl,  but 
neither  of  them  capable  of  having  a  change 
in  its  flate  effefted,  without  the  equal  and 
contemporary  participation  of  the  other.  That 
notwithilanding  the  vicinity  of  thefe  two  fur- 
faces,  and  the  llrong  difpolition  of  the  eledric 
fluid  contained  in  one  of  them  to  communicate 
its  fuper-abundance  to  the  other,  and  of  that 
to  receive  it,  yet  there  is  an  impenetrable  bar- 
rier betwcoi  them ;  for,  fo  impermeable  is  glafs 
to  the  ele(?cric  fluid,  (though  it  permits  one 
;fide  of  it  to  a6l  on  the  other)  that  its  two  fur- 
faces  r.cmain  in  this  flate  of  contrariety  till  a 
commuiiication  is  formed  between  them,  ai^ 
txtra,  by  a  proper  condudor,  when  the  equili- 
brium is  fuddcnly  and  violently  reflored,  and 
the  eledric  fluid  re;Covers  its  original  flate  of 
equality  on  the  two  fides  of  the  glafs. 
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"B^perimenU  on  charging  and  dlfcharging 
the  Leyden  Phial,  intended  to  elucidate 
and  confirm  Dr,  Franklins  T^heory, 

Experiment      LXXXII. 

Screw  a  Leyden  phial,  whofe  coating  is  free 
from  points,  vipon  an  infulated  ftand,  and  place 
it  fo  that  its  knpb  may  be  in  conta<ft  with  the 
conduftor,  (taking  care  that  no  conducing 
fubfence  is  near  the  coating  of  the  jar)  turn 
the  cylinder  round  a  fufficient  number  of 
times  to  charge  the  phial,  then  examine  it  with 
a  difcharging  rod,  and  you  will  find  it  had  re- 
ceived no  charge  ;  which  Ihews  clearly,  that 
except  the  eledric  fluid  can  efcape  from  one 
lide  of  the  jar^  it  can  receive  none  on  th^ 
other. 

Experiment      LXXXIII. 

Place  the  fame  infulated  phial  fo  that  its  knob 
may  be  about  half  an  inch  from  the  conduftox, 
and,  while  the  cylinder  is  turning,  hold  a  brafs 
knob  near  the  coating  of  the  jar  ;  this  knob 
will  receive  a  fpark  from  the  coating  for  every 
one  that  pafTes  between  the  condudor  and  the 

knob^ 


ON     £LEtTRICITY. 


93 


knob,  and  the  jar  will  in  a  little  time  he 
charged,  by  adding  eled:ricity  to  one  lide,  and 
taking  it  away  from  the   other. 

Experiment     LXXXIV. 

Screw  the  phial  a,  jfig*  42,  on  the  infulatcdf. 
pillar  d,  and  bring  its  knob  in  contatfl  with  the 
ccJndu6ior  ;  hold  another  bottle  c,  of  the  fame 
lize  with  z,  fo  that  its  knob  may  be  in  contai^ 
with  the  outiide  coating  of  the  bottle  a ;  turji 
the  cylinder,  and  when  the  bottle  a  is  charcred. 
place  c  on  the  table,  then  vinfcrew  a  from  its 
ftand,  and  place  it  alfo  on  the  table,  but  at 
fome  diilance  from  the  other ;  fit  a  brafs  bdl 
to  the  bottom  ilem  of  tlie  quadrant  electrome- 
ter, and  hold  the  eledlrometer  by  a  iilk'llringj 
fo  that  the  brafs  ball  may  touch  the  knob  of 
the  bottle  ;  obferve  at  what  height  the  index  of 
the  eledlrometer  ftands,  and  then  rem.ove  it  to 
the  other,  bottle,  which  w^iil  raife  the  index  to 
the  fame  height ;  lliewing  clearly,  that  the 
bottle  has  thrown  off  from  the  outfide  as  much 
cledricity  as  it  received  on  the  iniide. 

Experiment      LXXXV. 

Place  the  knob  of  an  infulated  bottle  in  con- 
tad  with  a  poiitive  eondud:dr,  and  conned  the 

outer 
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outer  coating  'with  the  cufhion,  or  d  negative 
conductor,  turn  the  cylinder,  and  the  bottle 
will  be  charged  with  its  own  eleftricity  ;  the 
fluid  from  the  exterior  coating  being  trani- 
ferred  to  the  interior  one; 

Expert-men  T      LXXXVI. 

Charge  the  two  bottles,  fig.  4^,  pofitiveiy  ; 
€onne(5t  their  outlide  coatings  by  a  wire  of 
chain,  then  bring  their  knobs  together,  there' 
will  be  no  fpark  between  them,  and  the  bottles 
will  not  be  difcharged,  becaufe  neither  fidC 
iias  any  thing  to  communicate  to  the  other. 

'  Exp E i  i m  e  n  t      LXXXVII. 

Charge  the  infulated  bottle,  fig.  4^,  nega- 
tively, and  the  other  pofitively  ;  cohneft  the 
coating  by  a  chainy  and  bring  the  knobs  to- 
wards each  other,  an  explofion  will  take  place,' 
and  the  bottles  will  be  difcharged.  If  a  lighted 
candle  is  placed  between  the  knobs,  the  ex-' 
plofioh  will  be  made  through  the  flame  in  a 
beautiful  manner,  and  at  fom6  inches  diflance,' 
See  fig.  44. 

EXPER  IMENT        LXXX VIII. 

Fix   a  quadrant  elecVrometer  to  the  ball  01   * 
&    Leyden  bottle,    and   charge  it  negatively  ;- 

wheir 
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wlien  it  has  received  a  full  charge  tli-e  Index 
will  fland  at  90  degrees  ;  then  place  the  bDttic 
with  its  eled:rometer  at  the  politive  condo^or, 
turn  the  cylinder,  the  eleclrometer  will  de- 
scend, and  the  bottle  will  be  difeharo;ed  by  tine 
contraty  eleftricity. 

Experiment      LXXXIX. 

Infnlatetwo  Ley  den  bottles ;  let  their  coatlfigs^ 
be  in  contadlj  atid  while  you  charge  the  inlide 
of  one  pofitively,  let  a  perfoh,  ftanding  011 
the  floor,  touch  the  tap  of  the  other  with  km 
finger,  and  it  will  be  charged  negatively.' 

Experiment      XC. 

L  M,  flg.  45,  feprefeiits  a  Leyden  jar,  which 
is  furniihed  with  moveable  coatings  of  tia.; 
the  inner  one,  N,  may  be  removed  by  the  iiik 
ftrings  f,  g,  h ;  the  jar  may  be  taken  from  the 
outer  coating. 

Charge  the  jar,  and  then  remove  the  coat- 
ings, bring  a  pair  of  pith  balls  towards  the  jar, 
and  they  will  be  llrongly  attrafled  by  it ;  re- 
place the  coatings,  and  the  jar  will  give  a  con- 
fiderable  ihock  ;  which  Ihews,  that  the  power 
or  force  of  the  charge  is  refident  in  the  glafs, 
and  niot  iti  the  coatings. 

Ex- 
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ExPErilMENT         XCI. 

T  V,  fig.  46,  reprefents  a  bottle,  whofe  ex- 
terior coating  is  formed  of  fmall  pieces  of  tin- 
foil, placed  at  a  little  diflance  from  each  6thef. 
Charge  this  bottle  in  the  ufual  manner,  and 
Itrong  fparks  of  electricity  will  pafs  from  one 
fpot  of  tiii-foil  to  the  other,  in  a  Variety  of  di- 
redions  ;  the  feparation  of  the  tin-foil  making 
the  pafTage  of  the  fluid  from  the  outlide  to  the 
table  vifiblci  Difcharge  this  bottle,  by  bring- 
ing a  pointed  wire  gradually  near  the  knob, 
and  the  uncoated  part  of  the  glafs  betweeft  the 
fpots  will  be  plealingly  illuminated,  and  the 
noife  will  refemble  that  of  fmall  fired  crackers.- 
If  the  jar  is  difcharged  fuddenly,  the  whole 
outfide  furface  appears  illuminated.  To  pro- 
duce thefe  appearances  the  glafs  mull  be  very 
dry. 

Experiment       XCIL 

String  a  parcel  of  fhot  ori  a  filk  firing,  leaving 
a  fmall  fpace  between  each  of  them ;  fufpend 
this  from  the  conductor,  fo  that  it  may  reach 
the  bottom  of  a  coated  phial,  which  is  placed  . 
on  an  infulated  ftand  ;  conriedt  another  firing 
of  Ihot  to"  the  bottom  of  the  jar  and  le^  it  com- 
municate with  the  table,  tiirn  the  machine,  and 

a 
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;^  vivid  fpark  will  be  feen  between  ^aeh  of  the 
fhot,  both  within  and  without  the  bottle,  as  if 
»he  fire  paffed  through  the  glafs^ 

Experiment      XCIII. 

Hold  a  phial  in  the  hand  which  has  no  coat= 
hig  on  the  outiide,  and  prefent  its  knob  towards 
an  eleflrified  conductor ;  the  fire,  while  it  is 
charging;  will  pafs  from  the  outfide  to  the 
hand,  in  a  pleafing  manner ;  on  the  difcharge/ 
beautiful  ramifications  will  proceed  from  that 
knob  of  the  difcharger  which  is  on  the  outfide 
all  over  the  jar. 

Experiment      XCIV. 

Let  a  chain  be  fufpended  from  the  condudtof 
and  pafs  into ,  an  uncoated  bottle,  fo  that  it 
does  not  touch  the  bottom ;  put  the  machine 
in  action,  and  the  chain  will  move  round,  in 
order,  as  it  were,  to  lay  the  fire  on  the  infide' 
of  the  jar,  and  thus  charge  it  by  degrees. 

Ex  PERIMENT        XCV. 

Fig.  47  re|)refents  two  Leyden  phials,  placed 

toe  over  the  other.     Various  experiments  may 

be  made  with  this  double  bottle,   which  are 

H  ■  very 
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very  pleafing,  and  elucidate  clearly  the  received- 
theory. 

Bring  the  outfide  coating  of  the  bottle  A  in 
contact  with  the  prime  cOnduflor,  and  turn  the 
machine  till  the  bottle  is  charged,  then  place 
one  ball  of  the  difcharging  rod  upon  the  coat-^ 
ing  of  B,  and  with  the  other  touch  the  Jknob  of 
the  jar  A,  which  will  caufe  an  explofion.  Now 
place  one  ball  of  the  difcharger  on  the  knob  of 
A,  and  bring  the  other  bail  to  its  coating 
and  you  have  a  fecohd  difcharge.  Again, 
apply  one  ball  of  the  difcharger  on  the  coatings 
of  B,  and  carry  the  other  to  the  coating  of  A, 
and  it  will  produce  a  third  explofion,-  A  fourth 
is  obtained  by  applying  the  difcharge  from  the 
coating  of  A  to  its  knob. 

The  outer  coating  of  the  upper  jar  commu° 
riicating  with  the  infide  of  the  under  one,  con- 
veys the  fluid  from  the  condudor  to  the  large" 
jar,  which  is  therefore  charged  pofitively  ;  the 
upper  jar  does  not  charge,  becaufe  the  infide 
cannot  part  with  any  of  its  eledric  fluid  ;  but, 
when  a  communication  is  formed  from  the 
outfide  of  A  to  the  infide  of  B,  part  of  the  fire 
on  the  infide  of  A  will  be  conveyed  to  the  ne- 
gative coating  of  B,  and  the  jar  will  be  dif- 
charged.  The  fecond  explofion  is  occafioned' 
hy  the  difcharge  of  the  jar  A ;  but,  as  the  out- 
fide of  this  communicates  by  condu<^ing  fub- 

ftances 
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fiances  with  the  pofitive  infide  of  the  jar  B,  if 
the  ball  of  the  difcharging  rod  remains  a  fmall 
time  after  the  difcharge  on  the  knob  of  A,  part 
of  the  fire  of  the  infide  of  A  will  efcape,  and 
be  replaced  hy  an  equal  quantity  on  the  outfide 
from  the  jar  B,  by  which  means  A  is  charged 
a  fecond  time  ;  the  difcharge  of  this  produces 
the  thirdy  and  of  B'  the  fourth  explolion. 


57v  contrary  State  of  the  two  oppofite  Sides 
of  a  charged  Leyden  Bottle,  Jhewn  by 
their  refpe^ive  attrddiive  and  repuljhe 
Towers, 

E  X  P  E  R  f  M  E  R  T      XC  VIJ' 

Screw  the  bottle  H^  fig.  49,  with  the  belt  fide-- 
ways  oh  the  infulating  {land,  as  in  fig.  48-,  and 
charge  it  pofitively,  then  touch  the  knob  with  a 
pair  of  pith  balls,  thefe  will  diverge  with  pofitive 
eledlricity ;  hold  another  pair  to  the  coating/ 
and  they  will  feparate  with  negative  clec« 
tricity. 

Experiment      XCVIL 

fcledlrify  two  pair  of  the  pith  balls  whicli  are 

fixed  to  the  brafs  tubes,    as  in  fig.  2*2,   PI.  II^ 

by  the  knob  of  a  pofitiVeiy  charged  bottle,  and 

H'  7.  plaG<$ 
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place  them  at  a  fmall  diftance  from  each  other, 
then  pulh  them  together  till  the  ends  of  the 
tubes  are  in  contadl,  and  the  balls  will  remain 
in  the  fame  ftate  they  were  in  before  they  were 
brought  together,  becaufe  their  eledricity  is 
of  the  fame  kind*  The  refult  is  the  fame  if 
both  pair  are  eleflrified  by  the  coating  j  but  if 
one  pair  is  eledrified  by  the  coating  and  the 
other  by  the  knob,  when  they  are  brought  in 
contad  they  immediately  clofe. 

\ 
Experiment      XCVIIT-. 

A  cork  ball,  or  an  artificial  fpider  made  of 
burnt  cork  with  legs  of  linen  thread,  fufpended 
by  iilk,  will  play  between  the  knobs  of  two 
bottles,  one  of  which  is  charged  pofitively,  the 
other  negatively,  and  will  ift  a'  little  time  dif- 
chargp  them. 

Experiment      XCIX. 

A  l>all,  fufpended  on  filk,  and  placed  be- 
tween two  brafs  balls,  one  proceeding  from  the 
outfide,  the  other  from  the  infide  of  a  Leyden 
jar,  when  the  bottle  is  charged,  will  fly  from 
one  knob  to  the  other,  and  by  thus  conveying  the 
fire  from  the  inlide  to  the  outiide  of  the  bottle, 
will  foon  difcharge  it. 

Ex- 


ON     ELECTRICITY,     lor 


Experiment     C. 

An  infulated  cork  bali,  after  having  received 
a  fpark,  will  not  play  between,  but  be  equally- 
repelled  by  two  bottles  which  are.  charged  with 
the  fame  power. 

Experiment     CI. 

At  fig.  58  a  wire  is  fixed  to  the  under  part 
of  the  infulated  coated  phial,  b  c  another  wire 
fitted  to,  and  at  right  angles  with  the  former, 
a  brafs  fly  is  placed  on  the  point  of  this 
wire  ;  charge  the  bottle,  and  all  the  time 
the  bottle  is  charging  the  fly  will  turn  round ; 
when  the  bottle  is  charged  the  needle  flops. 
Touch  the  top  of  the  bottle  with  a  finger,  or 
any  other  conducing  fubftance,  and  the  fly 
will  turn  again  till  the  bottle  is  difcharged. 
The  fly  will  eledrify  a  pair  of  balls  pofitively 
while  the  bottle  is  charging,  and  negatively 
when  difcharging, 

p^P^RIAlENT      CII, 

Place  a  clean  dry  and  excited  pane  of  glafs, 

about  one  foot  fquare,  on  an  infulated  box  with 

pith  balls,    it  will  caufe  the  balls  to  diverge 

H  5  with 
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with  pofitive  eleftricity,  and  they  will  continue 
to  repell  each  other  upwards  of  four  hours  in 
dry  air.  When  the  balls  come  together,  re- 
piove  the  glafsj,  and  they  will  open  with  nega- 
tive eledricit}' ;  replace  the  glafs,  and  they 
will  clofe  ;  remove  it,  and  they  will  opeii 
again  ;  and  thus  alternately,  as  long  as  any 
eledlricity  remains  in  the  glafs» 

If  the  pane  of  glafs  be  placed  in  a  frame  of 
wood,  and  a  light  pith  qr  cork  ball  be  laid  on 
its  furface,  on  prefenting  towards  it  the  end  of 
a  finger,  or  the  point  of  a  pin,  the  ball  will 
recede  from  ihem  with  a  very  briik  motion, 
and  may  thus  be  driven  about  on  the  furface  of 
the  glafs,  like  a  feather  in  the  air  by  an  excited 
tube.  The  ball  being  deprived  of  its  eledtri- 
city  by  the  pin,  it  inftantly  flies  to  that  part 
of  the  glafs  which  attrafls  it  moll  forcibly. 

To  excite  the  pane  of  glafs  ;  lay  it  upon  ^ 
(quire  of  large  paper,  well  dried,  and  then  rub 
it  with  a  piece  of  clean  dry  flannel. 


&i 
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^he  contrary  States  of  the  different  Sides  of 
a  Ley  den  Phial,    and  the  DireSiion  of  the 
EileSiric  Fluid  in  the   Charge  and  Dif- 
charge  thereof  invefigated  by  the  Appear^ 
ances  of  the  Ele5iric  Light, 

In  chapter  6  we  obferved,    that  the  differ- 
ent appearances  of  light   on  electrified  points 
was  deemed  a  criterion  of  the  diretflion  of  the 
icleclric  fluid.     That  the  luminous  flar,  or  glo- 
bule, fliew^  th^  point  is  receiving  the  elediric 
matter,  whilfl  the  luminous  brufh,    or  cone, 
Indicates  that  it  is  proceeding  from  the  point. 
We  ihall  now  e:?:amine  the  flates  of  the  difFer- 
£nt  fides  of  the  Leyden  bottle  by  thefe  appear- 
ances.     Far  this,    and  many  other  purpofes, 
the  apparatus  which   is  reprefented  in  fig.  49 
will  be  found   very  convenient  ^    I    have   en- 
_deavoured  to  combine  the  parts  of  it  in  fuch 
manner  as  will  render  the  apparatus  extenfively . 
iifeful,    without  being  complicated.     A  is  an 
jnfulated   pillar  of  glafs,  which  is  fcrewed  to 
the  wooden  foot  P  ;   all  the  different  parts  of 
the  apparatus  may  be   fcrewed  alternately  on 
this  pillar>     C  is  an   exhaulted  tube  of  glafs, 
furnifhed  at  each  end  with  brafs  caps ;  at  the 
end  D  is  a  valve,  properly  fecured  under  the 
H  4  brafs 
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brafs  plate,  a  brafs  wire  with  a  ball  proje<5l^ 
from  the  upper  cap,  a  pointed  wire  proceed^ 
from  the  botton>  plate  ;  this  tube  is  called  the 
luminous  cqnduflor.  The  flaik,  reprefented 
at  E,  is  called  the  Leyden  vacuum.  It  is  fur- 
nilhed  with  a  valve  under  the  ball  E  ;  this  ball 
imfcrews,  in  order  to  come  more  readily  at  the 
valve  j  a  wire,  with 'a  blunt  end,  projeds  a 
little  below  the  neck  of  the  flafk,'the  bottom 
of  the  iialk  is  coated  with  tin-foil^  a  female 
fcrew  is  cemented  to  the  bottom,  in  order  to 
fcrew  it  on  the  pillar  A. 

F  is  a  fyringe  to  exhauft  the  air  occafionally^ 
either  from  the  luminous  conduQror,  or  the 
Leyden  vacuum.  To  do  this ;  unfcrew  the 
ball  of  the  Leyden  vacuum,  or  the  plate  of  the 
luminous  conductor,  and  then  fcrew  the  fyringe 
in  the  place  of  either  of  thefe  pieces,  being 
careful  that  the  bottom  of  the  female  fcrew  G 
bears  clofc  agamfl  the  leather  which  covers  the 
ihoulders  ab,  cd,  then  work  the  fyringe,  and 
in  a  few  minutes  the  glafles  will  be  fufficiently 
exhaufted.  H  and  I  are  two  Leyden  bottles, 
each  of  which  has  a  female  fcrew  fitted  to  the 
bottom,  in  ordejr  that  they  may  be  conveniently 
fcrewed  on  the  pillar  A.  The  bottle  H  is  fur- 
nilhed  with  a  belt,  that  it  may  be  fcrewed  fide- 
ways  on  the  pillar  A.  K  and  L  are  two  fmall 
wires,    whicli    are  to  fcrew   occafionally   into 

eithej: 
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either  the  ball  E,  the  knobs  c  or  f,  the  cap  C, 
©f  the  focket  g,  on  the  top  of  the  pillar  ;  the 
balls  may  be  unfcrewed  from  thefe  wires, 
]^hich  will  then  exhibit  a  blunt  point.  M  is  a 
Wjooden  table,  to  be  fcrewed  on  the  glafs  piUar 
occafionall}^ 

Experiment      CIII. 

Screw  the  jar  I  on  the  infulating  pillar^  and 
the  pointed  wire  into  the  hole  g,  place  another 
pointed  wire  at  the  end  of  the  condudlor,  bring 
the  knob  of  the  jar  near  this  wire,  and  then 
turn  the  cylinder,  a  pencil  of  rays  will  diverge 
froni  the  pointed  wire  in  the  conductor  to  the 
knob  of  the  jar,  at  the  fame  time  another  pen- 
cil of  rays  will  diverge  from  the  point  at  the 
bottom  into  the  air.     See  fig.  50. 

Repeat  this  experiment  with  the  negative 
eonduflor,  and  a  luminous  ft^r  will  app.ear  on 
the  end  of  each  wire. 

Experiment      CIV. 

Screw  a  pointed  wire  into  the  knob  of  the 
jar,  (fee  fig.  51)  charge  the  bottle  pofitively, 
the  fire  will  be  received  from  the  condudor  by 
the  pointed  wire,  and  appear  there  as  a  lumi- 
nous ftar,  while  the  wire  on  the  outfide  qf  the 
jar  wijl  throw  off  a  diverging  cone. 

Tig. 
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Fig.  52  repr.efents  the  foregoing  appearances 
reverfedj  by  charging  the  jar  negatively  at  the 
poiitive  corjdndlor. 

This  experiment  may  be  further  varied j 
by  applying  the  bottle  to  a  negative  con^ 
du6bor 

Experiment      CV, 

After  t^e  jar  is  charged,  as  irt  the  foregoing 
experiments,  turn  that  wire  frpm  the  cylinder 
V\fhich  before  was  neare|i  to  it,  then  put  the 
machine  in  adion,  and  the  aiSlux  and  efflux 
will  be  more  apparent  than  before  ;  one  point 
throwing  off,  and  the  other  receiving  the  fluid 
with  extreme  avidity,  which  will  in  a  little 
time  difcharge  the  jar» 

Experiment      C  VI. 

Charge  the  jar  as  before,  then  touch  the 
wire  which  is  connected  with  the  negative 
fide,  and  the  oppofite  wire  will  throw  off  4 
(diverging  cone  ;  but,  if  the  pofitive  fide  i^ 
touched,  a  luminous  cone  only  will  be  feep  pi\ 
the  other  wire. 

Ex  P  E  R  I  M  E  N  T      CVII. 

Fig.  53  is  an  ele6lric  jar,  B  B  the  tin-foil 
foating,  C  a  fland  which  fupports  the  jar,  D  a 

focket 
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^Jtet  of  metal  which  cafries  the  glafs  rod  E ; 
a,  curved  metallic  wire,  pointed  at  each  end^ 
is .  fixed  to  the  end  of  the  rod  G,  which  rod  is 
moveable  at  pleafure  in  a  fpring  tube  N,  that 
tube  being  fixed  by  a  focket  upon  the  top  of 
the  glafs  rod  E,  the  charging  wire  communi- 
cates with  the  different  divifions  of  the  infide 
(Goating  of  the  jar  by  horizontal  wires. 

Place  the  jar  as  ufual,  and  .put  the  machine 
in  action,  a  fmall  luminous  fpark  will  appear 
upon  the  upper  point  of  the  wire  F,  (a  plain 
indication  that  the  point  is  then  receiving  elec- 
tricity from  the  upper  ring  of  the  coating  on 
the  oijtlide  of  the  jar)  a,  fine  flream  or  pencil  of 
rays  will  at  the  fa^ne  time  fly  off,  beautifully 
diverging  from  the  lower  point  pf  the  wire  F 
upon  the  bottom  ring  of  the  coating  on  the  jar ; 
when  thefe  appearances  ceafe,  which  they  will 
as  foon  as  the  jar  is  charged,  let  a  pointed  wire 
be  prefented  towards  the  prime  condu6lor, 
this  will  foon  difcharge  the  jar  filently,  during 
which,  the  lower  point  will  be  illumined  with 
a  fmall  fpark,  while  th^  upper  point  of  the  wire 
will  throw  off  a  pencil  of  rays,  diverging  to- 
wards the  upper  ring  of  the  coating. 

E3CPERIMENT        C  VIII. 

Take  a  Leyden  phial,  the  neck  of  which' 
^ould  not  be  very  broad,  fet  the  coating  on 

the 
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the  condudlor,  and  charge  it  negatively ;  when 
charged,  if  not  too  dry,  the  upper  edge  of  the 
coating  will  throw  off  one  or  more  brulhes  of 
light  into  the  air,  which  will  vifibly  incline  to- 
war.ds  the  charging  wire  of  the  bqttle,  and 
fometimes  actually  reach  it.  Prefent  the  knob 
to  the  prime  condudtor,  and  charge  the  jar  po- 
iitively,  a  fmall  fpark  of  light  vvill  firft  appear 
on  the  edge  of  the  cork  in  the  neck  of  the  bot- 
tle, through  which  the  wire  paffes  after  a  few 
turns  of  the  cylinder ;  this  fpark  becomes  a 
brulh,  darting  out  from  the  cork,  and  gradually 
lengthening  till  it  forms  an  arch,  the  end  of  it 
extending  downwards  till  it  reaches  and  touches 
the  end  of  the  coating.  If  the  bottle  be  dry, 
it  will  in  both  cafes  be  difcharged  fpontaneouflyo 
See  fig.  54  and  ^S\ 

Experiment     CIX. 

An  infulated  pofitively  charged  bottle  will 
give  a  fpark  from  its  knob  to  an  excited  flick 
of  wax,  while  no  fpark  will  pafs  between  it  and 
an  excited  glafs  tube. 

Experiment     CX. 

An  analylis  of  the  Leyden  phial,  by  means 

ftf  the  Leyden   vacu\im  E,  fig.  49. Screw 

this 
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this  on  the  infulated  jfland,  with  the  pointed 
wire  from  the  bottom.  Fi^*  56  reprefents  th« 
appearance  of  the  fluid  on  the  points  when  the 
bottle  is  charging  negatively,  at  a  conductor 
loaded  with  politive  electricity. 

Fig,  ^y  the  appearances  it  difplays  when  it 
is  charging  pofitively  at  the  fame  condudior. 

Fig.  59  is  the  fame  bottle  charging  pofitively 
at  a  negative  condudlor.  Fig-.-  60  it  is  charging 
Jiegatively  at  the  fame  conduftor* 


Experiment      CXL 

Fig;-  6' I  reprefents  the  luminous  cfdnduclor 
on  the  infulating  Hand.  Set  the  coilectlrig 
point  near  the  cylinder,  and  place  the  knob'  of 
an  uncharged  phial  in  conta6:  with  the  ball, 
or  hang  a  chain  from  it  t6  the  table,  and,  on 
working  the  machine,  the  ball  will  be  envelo- 
ped in  a  denfe  electric  atmofphere.  If  the 
point  be  brought  in  contad:  with  an  infulated 
rubber,  and  a  communication  i:>  rnade  from  th6' 
ball  to  the  table,  the  atmofphere  will  be  ori  the 
point  in  th'e  tube.  If  a  bottle,  poiitiveiy 
charged,  be  prefented,  the  appearances  in  the 
tube  will  be  as  delineated  in  fig,  62.  But, 
if  a  bottle  negatively  charged  be  thus  ap- 
piiedy  the  appearance  will  be  as  in  fi^,  6 1. 

Thl« 
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This  tube,  when  mounted  on  its  infulating 
ftand,  may  be  ufed  inftead  of  the  prime  con- 
duftor,  and  all  the  common  experiments  may" 
be  performed  with  it  ;-  the  tube  will  be  lumi" 
nous  during  the  whole  of  the  operation. 

Of  the  Direction  of  the  EleBric  Matter ^  hi 
the  Difcharge  of  the  Leyden  Phial, 

Experiment       CXII. 

Place  a  charged  jar  on  a  fmall  glafs  Hand 
under  the  receiver  of  an  air  pump  ;•  as  the  re- 
ceiver is  exhaufting  the  electric  fire  will  iffue 
from  the  wire  Of  the  phial,  iri  a  very  lumi- 
nous pencil  of  rays,-  and  continue  fialhing  to' 
the  coating  till  the  air  is  exhaufled,  when  the 
jar  will  be  found  to  be  difcharged. 

If  the  phial  is  charged  liegatively,  the  cur- 
rent of  fire  will  appear  to  have  a  different  di- 
tediion  from  that  which  it  had  before. 

From  this  experiment  we  m'ay  infer  the' 
effedts  of  the  atmofpheric  prelTure  t5pon  the 
charge  of  the  Leyden  phial,  and  learn  that  it  is' 
the  natural  boundary  to  every  charge  of  ele<!tri^' 
city  we  can  give  ;  and,  confequently,  that  a' 
phial  would  contain  double  the  charge,  in  air 
doubly  eondenfed,  as  it  does  in  the  common' 

atmo* 
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atmofphere,  iince  it  would  increafe  the  intenlity 
of  the  ekdtric  atmofphere. 

EXPERIIt^ENT      CXIII. 

Place  a  finall  lighted  taper  between  the  twd 
Balls  of  the  univerfal  difcharger,  then  pafs  a 
very  fmall  charge  of  a  politive  phial  through 
them,  and  the  flame  of  the  taper  will  be  at- 
tracted in  the  diredion  of  the  fluid  towards  the- 
eoating.     See  fig.  6y 

Experiment     CXIV. 

The  fame  fmall  charge  from  a  negative  bottl®' 
will  reverfe  the  appearance. 

In  both  thefe  experiments  it  is  necefl^ary  to 
ufe  the  leafl:  charge  that  can  be  given,  juft 
fufficient  to  leap  the  interruption  in  the  cir-. 
euit.' 

Experiment      CXY, 

Place  a  card  on  the  table  of  the  univerfal 
difcharger,  and  bring  one  of  the  points  under 
the  card,  then  conne6b  this  point  with  the  coat- 
isg  of  ajar  poiitively  charged,  place  the  other 
point  on  the  top  of  the  card,  and  at  about  aa 
inch  and  a  half  from  the  former ;-  now  compleat 
|he  circuit,    by  bringing  a  difcharging  rod 

from 
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from  the  lafl:  wire  to  the  top  of  a  bottle,  and 
the  eleftricity  will  pafs  through  the  upper  wire,' 
along  the  furface  of  the  card,  till  it  comes  td 
the  point  which  is  underneath,  where  It  will^ 
make  a  hole  in  the  card,  and  pafs  through' 
the  wire  to  the  coating  of  the  bottle,  ^e 
fig.  64. 

EiPERI^ENT        CXVL 

Four  cork  balls,  A,  B,  C,  D,  being  placed 
at  equal  diitances  from  each  other,  from  the 
balls  of  the  difcharging  rod,  and  from  the 
coating  of  a  pofitively  charged  bottle  ;  on"  ma- 
king the  difcharge,  the  bafl  A  next  the  rod 
was  repelled  to  B,  which  was  again  repelled  td" 
C,  C  remained  immoveable,  but  D  flew  to  the 
coating  of  th'e  bottk. 

Experiment      CXVII. 

Take  a  card,  and  paint  both  fides  with  cin-^'' 
nabar  about  the, breadth  of  the  finger,  fix  ftlis- 
,  card  vertically  by  a  little  wax  6n  the  table  of. 
the  univerfal  difcharger,  let  the  pointed  ends  of 
one  of  the  wires  touch  one  fide  of  the  card/ 
and  the  end  of  the  other  wire  the  oppofite  fide ;' 
the  diflance  of  the  points  from  each  other  muft 
be  proportioned  to  the  ilrcngth  of  the  charge  ^ 

difcharge 


ON     ELECTRICITY,      tt^ 

difcharge  a  jar  through  the  wires,  and  the 
Ijlack  rtiark,  left  by  the  explofion  on  the  co- 
loured band,  ihews  that  the  eleftric  fluid  paffed 
from  the  wire,  communicating  with  the  infide 
6f  the  bottle,  to  that  which  communicates 
with  the  dutfide,  againlt  which  it  makes  a 
hole. 


Experiments  which  feem  to  militate   againfi 
the  received  Theory  of  EkStriciiy, 

Experiment      CXVIII. 

Let  the  furfaces  of  an  eledlric  plate  be  very 
:[lightly  charged  and  infulated,  let  an  inter- 
fiipted  circuit  be  formed,  the  two  powers  will 
be  vilible,  illuminating  the  points  of  the  inter- 
rupted circuits,  arid  each  power  will  appear  to 
extend  farther  from  the  furface  contiguotis  t6 
It,  the  llronger  the  charge  is  communica'ted'  to 
the  plate  ;  but,  if  the  illuminations  on  each 
fide  meet,  there  will  immediately  follow  an 
txplolion  of  the  whole  charge* 

Experiment      CXIX. 

If  a  cylindrical  plate  of  air,  contained  in  the 
receli^r  of  ah  air-pump,  be  charged,  it  is  ob- 

I.  ferved. 
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ferved,  the  more .  air  that  is  exhaufled  from 
between  the  furfaces  the  more  eafily  the  pow- 
ers will  unite. 


Experiment      CXX. 

If  an  exhaufted  receiver  be  made  part  of  the 
cledric  circuit,  and  the  charge  Ihould  not  be 
fufficient  to  caufe  an  exploiion,  an  elediric  light 
will  appear  to  proceed  in  oppofite  diredion 
from  the  parts  communicating,  with  the  nega« 
tive  and  politive  furfaces. 

Experiment     CXXI. 

Let  a  coated  phial  be  fet  on  an  infulating" 
iland,  and  let  its  knob  be  touched  by  the  knob 
of  another  phial  negatively  ele&rilied,  a  fmall 
fpark  will  be  feen  between  them,  and  both 
lides  of  the  infulated  phial  will  be  inllantly 
negatively  electrified.  * 

EXPERIMSMT         CXXI!. 

■■*  Faften  a  pith  ball  ele<5tromet€r  by  a  llttre 
wax  to  the  outfide  coating  of  a  jar,  charge 
the  jar  illghtly  with  politive  elediricity,  and  fet 

it 

*  Encydopsjdia  Brittanica,  Vol.  IV,  p.  2698. 
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It  on  an  infulated  ftand,  the  ball  will  either  not 
diverge,^  or  only  a;  very  little  ;  bring  the  knob 
of  a  bottle  which  is  flrohgly  charged  with 
pofitive  ele6lricity  near  the  knob  of  the  former^ 
and  the  balls  v/ill  diverge  with  pofitive  elec- 
tricity.' 

Experiment      CXXIII. 

Let  the  fame  phial,'  with  the  pith  balls  af- 
fixed to  its  outlide  coating,  be  flightly  charged 
negatively,'  and  then  infulated,  bring  the  knob 
of  a  phial,  which  is  ftrongly  eledrified  nega- 
tively, to  that  of  the  infulated  one,  and  the 
pith  balls  will  diverge  wdth  negative  eleftri-^ 
.tity. 

Experiment      CXXI  V; 

Charge  a  jar  pofitively,  and  then  infulate  ity 
charge  another  ftrongly  with  negative  eleftri- 
city,  bring  the  knob  of  the  negative  bottle  near 
that  of  the  pofitive  one,  and  a  thread  will  play 
between  them  ;  but,  when  the  knobs  touch' 
each  other,  the  threads,  after  being  attraded, 
•will  be  repelled  by  both^  The  negative  elec- 
tricity is  fome-how  fuperinduced  on  the  pofitivey 
andj  for  a  few  minutes  after  they  are  feparated,- 
I  2  hotk 
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both  will  appear  negatively  electrified  ;  but?, 
if  the  finger  is  brought  near  the  knob  of  that 
bottle  on  which  the  negative  ele(ftricity  was 
fuperinduced  it  will  inftantly  be  diffipated,  a 
fmall  fpark  will  ftrike  the  finger,  and  the  bot* 
de  will  be  pofitively  charged  as  before.- 


CHAR 
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CHAP.     VIII. 

Of  the  EkBrical  Battery,   and  the  lateral 
Explojion  of  charged  Jars, 

TO  increafe  the  force  of  the  eledlric  ex- 
plofion,  feveral  Leyden  phials  are  con- 
nected together  in  a  box  ;  this  colledlion  is 
termed  an  eleflrical  battery.  Fig.  6^  repre- 
fents  one  of  the  rnoft  approved  form. 

The  bottom  of  the  box  is  covered  with  tin- 
foil, to  conne<ft  the  exterior  coatings  ;  the  in- 
fi4e  coatings  of  th^  jars  are  Connedled  by  the 
wires  F^  c,  d^  e,  f,  g,  which  meet  in  the 
large  ball  A ;  C  is  a  hook  at  the  bottom  of 
the  box,  by  which  any  fubflance  may  be  con- 
pedted  with  the  outiide  coating  of  the  jars ; 
a  \iz\\  P  proceeds  from  the  infide,  by  which 
the  circuit  may  be  conveniently  compleated. 
The  following  precautions  are  neceffary  to  be 
attended  to  by  thofe  who  make  ufe  of  aa  elec- 
trical battery. 

To  keep  the  top  and  uncoated  part  of  the 

jars  dry  and  free  from  duft,  and  after  the  ex- 

ploiion  to  conne(ft  a  wire  from  the  hook  to  the 

ball,  which  Ihould  be  left  there  till  the  batterf 

I  3  it 
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is  to  be  charged  again,  which  will  totally  ob- 
viate the  irxConveniencies  that  have  occali- 
onally  happened  from  the  reliduum  of  a 
charge. 

If  one  jar  in  a  battery  is  broke  it  is  impofli- 
ble  to  charge  the  reft  till  the  broken  jar  is 
removed. 

To  prevent  the  jars  of  a  large  battery  break- 
ing at  the  time  of  the  exploiion,  it  has  been 
recommended  not  to  difcharge  a  battery  through 
a  good  condud:or,  except  the  circuit  is  at  leaf]: 
iive  feet  long ;  but  what  is  gained  on  one  hand 
by  this  method  is  loft  on  the  other,  for,  by 
lengthening  the  circuit  the  force  of  the  Ihock 
as  weakened  proportionably. 

I  have  been  informed,  that  it  is  very  diffi- 
cult to  break  by  an  explofion  the  jars  which 
are  made  of  green  glafs,  fabricated  at  New- 
caftle,  but  have  had  no  opportunity  to  make 
any  exptriments  on  this  glafs  myfelf. 

The  force  of  a  battery  may  be  confiderably 
increafed  by  concentrating  the  fpark  from  the 
exploiion^  which  is  efFedted  by  caufing  it  to 
pafs  through  fmall  circuits  of  non-condu£ting 
fubftances.  By  this  means  the  refifting  medi= 
nm,  through  which  the  fpark  is  to  pafs,  may 
befo  prepared  as  to  augment  its  power.  If  the 
fpark  is  made  to  pafs  through  a  hole  in  a  plate 
of  gi^fs,  one  twelfth  or  one  fixth  part  of  an 

inch 
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inch  in  diameter,  it  will  be  lefs  diffipated, 
more  compadt  and  powerful.  If  the  part  round 
the  hole  is  wetted  with  a  little  water,  the  fpark, 
by  converting  this  into  vapour,  may  be  con- 
veyed to  a  greater  diitance,  with  an  increafe  of 
rapidity,  attended  with  a  louder  noife  than 
common. 

Mr.  Morgan,  by  attending  to  thefe  and  fome 
other  circumftances,  has  melted  wires,  &c. 
with  fmall  bottles.  I  hope  he  will  be  induced 
to  communicate  this,  as  well  as  the  reft  of 
his  important  difcoveries,  to  the  public. 

Experiment      CXXV. 

Pafs  the  charge  of  a  ftrong  battery  through 
two  or  three  inches  of  fmall  wire,  it  will  fome- 
times  appear  red  hot,  firfl  at  the  pofitive  fide, 
and  the  rednefs  will  proceed  regularly  towards 
the  othei:  end. 

Experiment      CXX  VI. 

Difcharge  a  battery  through  a  quire  of  pa- 
per, a  perforation  will  be  made  through  it ; 
each  of  the  leaves  is  protruded  by  the  llroke 
from  the  middle  towards  the  outward  leaves,  as 
if  the  fire  darted  both  ways  from  the  center. 
If  the  paper  is  very  dry,  the  fire  meets  with 
I  4  more 
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more  difficulty  in  its  paffage,  and  the  hole,  if 
linall.  If  that  part  of  the  paper,  through 
which  the  explolion  is  made,  is  wet,  the  hole 
is  larger,  the  light  more  vivid,  and  the  ex- 
plofion  louder» 

Experiment      CXXVII. 

The  difcharge  of  a  battery  through  a  fmall 
fteel  needle  will,  if  the  charge  is  fufficient, 
CGmmunicate  magnetifm  to  the  needle. 

Experiment      CXXVIII. 

The  difcharge  of  a  battery  through  a  fmall 
and  (lender  magnetic  needle,  will  generally  de- 
ilroy  the  polarity  of  the  needle,  and  fometimes 
invert  the  poles  thereof.  To  fucceed  in  this 
experiment,  it  is  often  neceffary  to  pafs  feveral 
llrong  charges  through  the  needle  before  it  is 
removed  from  the  circuit. 

It  appears,  from  Beccaria's  experiments, 
that  the  magnetic  polarity,  which  is  commu- 
nicated to  the  needle  by  electricity,  depends 
on  the  pofition  of  the  needle  when  the  charge 
is  fent  through  it,  and  is  not  regulated  by  the 
diredion  of  the  eledric  matter  in  entering  the 
needle. 


Ex- 
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EXPE]SLIMENT        CXXIX. 

Difcharge  a  battery  through  a  ilender  piece 
of  wire,  ex.  gr.  one  5Cth  of  ar^  inch  in  diameter, 
the  wire  will  be  broken  to  pieces,  o"r  melted, 
fo  as  to  fall  on  the  table  in  glowing  balls. 

When  a  wire  is  melted  in  this  manner,  the 
fparks  fly  frequently  to  a  confiderable  diflance, 
being  fcattered  by  the  explofion  in  all  direc- 
tions. 

If  the  force  of  the  battery  is  very  great,  the 
wire  will  be  entirely  difperfed  by  the  force  of 
the  explolion.  Small  particles  of  fuch  fub- 
glances  as  cannot  be  eafily  drawn  into  wire,  as 
platina,  grain  gold,  ores,  &c.  may  be  placed 
in  a  groove  of  wax,  and  then  put  into  the  cir- 
cuit, if  a  difcharge  of  fufBcient  ftrength  is 
pafled  through  them  they  will  be  melted. 

The  force  by  which  wires  are  melted  by  a 
battery  varies  with  the  length  of  the  circuit,  as 
the  fluid  meets  with  more  r.efillance  in  propor- 
tion as  the  paflage  through  which  it  is  to  pafs 
n  longer.  Dr.  Prieilley  could  melt  nine  in- 
ches of  fmall  iron  wire  at  the  diflance  of  15 
feet,  but  at  twenty  feet  diftanjoe  he  could  only 
jiiake  6  inches  of  it  red  hot, 

Ex- 
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Experiment      CXXX, 

Irrclofe  a  very  flender  wire  in  a  gkfs  tube, 
^ifcharge  a  battery  through,  this  wire,  and  it 
will  be  thrown  into  globules  of  difFerent  -lizes, 
which  may  be  coUefted  from  the  inner  furface 
ci  the  tube  t  th.ey  are  often  found  to  be  hollow, 
aisd  little  more  than  the  fcoria  of  the  fnetal. 

Many  experiments  have  been  made,  in  o-rder 
to  try  the  different  conducting  powers  of  me- 
tals, by  pafting  the  difcharge  of  a  battery 
through  them  ;  but  it  has  not  yet  been  deter-?' 
minedy  whether  the  greater  facility  with  which 
fonie  metals  are  exploded  depends  on  the  eafe 
with  which  the  fluid  palTes  through  them,  or 
whether  it  proceeds  from  the  degree  of  refin- 
ance they  make  to  its  paflage,  or  from  a  want 
of  dudtility  in  the  metal,  which  is  therefore, 
lefs  capable  of  expanfion^ 

I? 
Experiment      CXXXI. 

Difcharge  a  battery  through  a  chain  which 
is  laid  on  paper,  and  black  marks  will  be  left 
en  the  paper  in  thofe  places  where  the  rings  of 
the  chain  touch  each  other  ;  the  rings  will  b^ 
more  or  lefs  melted  at  thofe  places. 

Ex- 
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Experiment     CXXXII. 

Take  two  pieces  of  window  glafs,  of  about 
3  by  2  inches,  place  a  flip  of  brafs  or  gold  leaf 
Jjetween  them,  leaving  the  metallic  leaf  out  be- 
3^ond  the  glafs  at  each  end ;  then  place  the  two 
pieces  of  glafs  in  the  prefs  of  the  univerfal  dif- 
charger,  bring  the  points  of  the  wires  ET, 
EF,  fig.  33,  to  touch  the,  ends  of  the  leaves, 
and  pafs  a  difcharge  through  -hem,  which  will 
force  part  of  the  metal  into  the  glafs,  and  fcain 
jt  with  a  colour  which  differs  from  the  metal 
that  is  made  xife  of.  The  inetallic  leaf  fhould 
be  made  narroweft  in  the  middle,  because  the 
force  of  the  eledrric  fire  is  in  proportion  to  its 
idenfit)^,  which  is  increafed  when  the  fame  quan- 
tity of  fire  is  compelled  to  pafs  through  fewer 
.conducting  particles. 

The  explofion  in  melting  the  llripes  of  leafr 
gold,  &c.  renders  them  nOn-condu6ling,  and 
iefs'  capable  after  each  difcharge  to  tranfmit 
another.  Some  particles  of  the  metal  are  driven 
into  the  glafs,  which  is  really  melted ;  thofe 
parts  of  the  metal  which  lye  contiguous  to  the 
glafs  are  the  moil  perfed:ly  fufed.  The  pieces 
of  glafs  which  cover  the  flip  of  metal  are  gene- 
rally broken  to  pieces  by  the  difcharger. 


Ex* 
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place  a  thick  piece  of  glafs  on  the  ivory  plate 
©f  the  univerfal  difcharger,  fig.  3,  PL  II,  and 
a  thick  piece  of  ivory  on  the  glafs,  on  which  a 
weight  from  one  to  feven  pounds  is  to  be  pla- 
ced; bring  the  points  of  the  \yires  EF  ET 
agaiiifl:  the  edge  of  the  glafs,  and  pafs  the  dif- 
charge  through  the  wires,  by  connedling  one  of 
the  wires,  as  EF,  with  the  hook  C  of  the  bat- 
tery^ figo  6^^^  PL  IV,  and  forming  a  communi- 
cation, when  the  battery  is  charged,,  from  the 
ether  wire  ET  to  the  ball,  and  the  glafs  will 
h^  broken,  and  feme  part  of  it  ihivered  to  art 
impalpable  powder.  When  the  piece  of  glafs 
is  ftrong  enough  to  reiift  the  ihpck,  the  glafs 
is  often  marked  by  tke  explofion  with  the  moll 
lively  and  beautiful  colours,  I  have  been  in^ 
formed  by  Mr.  Morgan,,  that  if  the  glafs  is 
cemented  down  the  effeift  is  the  fame  as  when 
it  is  prelTed  by  the  weights  5  and  this  mode  is 
in  various  experiments  more  CQn.venient, 

Experiment      CXXXIT. 

If  the  difcharge  is  paffed  under  the  piece  of 
ivory  with  the  weights  upon  it,  without  any 
glafs  between  the  piece  of  ivory  and  the  table 

GH 
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GH  of  the  nniverfai  difcharger,  tke  weights 
will  be  lifted  up  by  the  lateral  force  of  the  diP 
charge ;  the  number  of  weights  muil  be  proi- 
portioned  to  the  force  of  the  explofion^ 

Experiment      CXXXV. 

Fig,  665  a,  reprefents  an  infulated  rod,  riearljf 
touching  a  charged  jar  d,  b  is  another  infulated 
rod,  placed  in  a  line  with  and  near  to  tlie  ibr- 
mer  ;  make  the  difcharge  by  the  rod  e,  from 
which  a  chain  hangs  that  does  not  touch  thi5 
bottom  of  the  jar,  and  the  rod  b  will  receive 
an  elediric  fpark^  ivhich  quits  it  again  almoil  im 
the  fame  inftant,  becaufe  the  fineft  threads 
huilg  upon  it  will  not  be  eie^flrified  by  the 
fpark* 

This  electrical  appearance,  without  the  cir- 
cuit of  a  difcharging  jar,  is  called  the  Lateral 
Explofion. 

If  pieces  of  cork,  or  any  light  bodies,  be 
placed  near  the  explofion  of  a  jar  or  batt-ery, 
they  will  be  moved  out  of  their  place  in  all  di- 
redlions  from  the  center  of  the  explofion  ;  and 
the  greater  the  force  of  the  explolion,  fo  m«ch 
greater  will  the  diftance  be  to  which  they  are 
removed.  It  is  not  furprifing,  therefore,  that 
heavy  bodies  ihould  be  removed  to  confiderablc 
diftances  by  a  ftrong  flalh.  of  lightening.     Dr. 

Prieltief 
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Prieftley  apprehends,  that  this  fpecies  of  lateral 
force  is  produced  by  the  explof.on  of  the  air 
from  the  place  through  which  the  eleftric  dif- 
charge  paflesi 

This  lateral  force  is  not  only  exerted  in  the' 
neighbourhood  of  an  explofion,  when  it  is 
made  between  pieces  of  metal  in  the  open  air,, 
But  alfo  when  it  is  tranfmitted  through  pieces 
of  wire  that  are  not  thick  enough  to  condud;  it 
perfedlly.  The  fmaller  the  wire  is,  and  the 
greater  the  fufion,  the  greater  is  the  difperiiou 
of  light  bodies  near  it. 


£3 


Experiment      CXXXVI. 

If  circuits,  different  in  length  and  of  differ-^ 
ent  fublTances,  form  a  communication  between' 
two  charged  furfaces  of  an  eleclfic  plate,  it  is 
obferved,  the  difcharge  will  be  made  through 
the  beil  conductors,  whatever  be  the  kngth  of 
the  others. 

2.  If  circuits  of  the  fame  fub fiance  be  dif- 
ferent in  length,  the  difcharge  will  be  madp 
through  the  Ihorteft  of  them, 

3.  If  the  circuits  be  the  fame  in  every  re» 
fpedl,  the  difcharge  will  be  made  through  ma- 
ny of  them  at  the  fame  time. 

I  have  been  informed  by  a  gentleman,  that 
k  was.  his  cuftom  to  make  a  variety  of  circuits- 

for 
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for  the  difcharge  of  a  large  jar  or  battery  ;  and, 
that  having  a  fufficicnt  number  of  thefe,  he 
could  introduce  himfelf  into  one  of  them,  and 
take  his  part  of  the  fliock  without  inconveni-^ 
ence,  it  even  was  not  difagreeabie  ;  and  he 
could  by  this  means  leflen  the  fenfation  almoU 
to  nothing* 

Experiment      CXXXVII. 

Mr.  Henly  made  a  double  circuity  the  UrS 
by  an  iron  bar,  one  inch  and  a  half  in  diame- 
ter, and  half  an  inch  thick ;  the  fecond,  hf 
four  feet  and  a  half  of  fmall  chaim  On  diP 
charging  a  jar,  containing  five  hundred  fquaxe 
inches  oi  coated  furface,  the  electricity  paJTed 
in  both  circuits,  fparks  being  viiible  on  the 
fmall  chain  in  many  places.  On  making  the 
difchirge  of  three  jars,  containing  together  fix- 
teen  fquare  feet  of  coated  furface,  through 
three  different  chains  at  the  fame  time,  lig.  67^ 
bright  fparks  v/ere  viiible  in  them  alL  The 
chains  were  of  iron  and  brafs,  of  very  dil^r- 
ent  lengths ;  the  fhorteil  ten  or  twelve  ijjcheSj, 
the  longefl:  many  feet  in  length*  When  thofe 
jars  were  difcharged  through  the  iron  bar  be- 
fore-mentioned, together  with  a  fmall  chain, 
three-quarters  of  a  yard  in  length,  the  whole 
chain  was  illumined,  and  covered  throughout 

with 
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with  beautiful  rays,  like  briftles,  or  goldi&ri 
Bair.  Having  placed  a  large  jar  in  contadl 
with  the  prime  cOndudlor,  and  affixed  to  the 
coating  of  it  an  iron  chain,  which  was  alfo  con- 
hedted  with  a  plate  of  riietal,  on  which  was 
made  the  difcharge  by  the  difcharging  rod  * 
this  done,  he  hooked  another  chain,  mueh 
longer,  and  of  brafs,  to  the  oppofite  fide  of 
the  jar,  and  brougjht  the  end  of  it  within  eight 
inches  and  an  half  of  the  metal  plate.  In  con- 
fad  with  this  end  a  fmall  oak  flick  was  kid, 
eight  inches  long,  which  was  covered  witB. 
faw-dufl  of  fir-wood.  On  making  the  dif- 
charge upon  the  plate,  both  the  chains  were 
luminous  through  their  whole  lengths,  as  was 
alfo  the  faw-dufi:,  which  was  covered  by  a 
Itreak  of  light,  rftakin^  a  very  pleafirig  appear- 
ance. 

At  the  glafs-houfe  there  is  generally  a  great 
number  of  folid  fiiicks  of  glafs,  about  one  quar- 
ter of  an  inch  diameter  ;  if  thefe  be  examined 
narrowly,  feveral  of  them  will  be  found  tubu- 
lar a  confiderable  length  ;  the  diameter  of  th^ 
cavity  feldom  exceeds  the  200th  part  of  an 
inch.  Seled:  and  break  off  the  tubular  parr, 
w^hich  may  be  filled  with  quickfilver  by  fuck- 
ing, care  being  taken  that  no  moiilure  previ^*^ 
oufly  infinuates  itfelf ;  the  tube  will  then-  he 
prepared  for  the  experiment,' 

Ex* 
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Experiment      CXXXVIII. 

Pafs  the  fhock  throu2;h  this  fmall  thread  of 
quickfilver,  which  will  be  inftantly  difploded_j 
and  will  break  or  fplit  the '  tube  in  a  curious 
manner.'  '^ 

Experiment      CXXXIX. 

Take  a  glafs  tube,  the  bore  of  which  is  about 
one  quarter  of  an  inch,  fill  it  with  water,-  and 
fl:op  the  ends  with  cork,  infert  two  wires 
through  the  corks  into  the  tube,  fo  that  their 
ends  may  nearly  touch,  make  the  ends  of  thefe 
part  of  a  circuit  from  a  battery  ;  on  the  dif- 
charge,  the  water  will  be  difperfed  in  every  di- 
region,  and  the  tube  blown  to  pieces  by  the 
difcharge. 

The  elediric  fluid,  like  common  fire,  con- 
verts the  water  into  an  highly  elaftic  vapour,- 
Dr< .  Franklin,  on  repeating  this  experiment 
with  ink,  could  not  find  the  leafl:  llain  upon 
the "  white  paper,  on  which  the  tube  had  been 
placed.  Beccaria  pafTed  the  fiiock  through  a 
drop  of  water,  which  was  fupported,  in  the 
center  of  a  Iblid  glafs  ball,  between  the  ends 
of  two  iron  wires,  and  the  ball  was  fhivered  in 
Dieces  by  the  explolion.  On  this  principle  he 
K  Contrived 

*  Nicholfon's  Introdufiion  to  Philofophy,  p.  413. 
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contrived  what  he  calls  an  electrical  mortar, 
which  will  throw  a  fmall  leaden  ball  to  the  dif- 
tance  of  twenty  fect»  It  is  clear,  from  feveral 
of  the  foregoing  experiments,  that  the  eleClric 
ilnid  endeavours  to  explode  in  every  diredtioil 
the  parts  of  the  refifting  fubflances  through 
ivliich  it  paffes. 

Experiment     CXL. 

Place  a  building,  which  is  formed  of  feve-- 
rai  loofe  pieces  of  wood,  on  a  wet  board  in  the 
middle  of  a  large  bafon  of  water,  let  the  elec-- 
trie  liafh.  from  a  battery  be  made  to  pafs  over 
the  board,  or  over  the  water,  or  over  both  ; 
the  w^ater  will  be  flrongly  agitated,  and  the 
building  thrown  down.  The  report  is  louder 
than  when  the  explofion  palles  only  through 
the  air.  The  eledric  fluid  endeavours  to  pafs 
near  the  furface  of  the  water  v>?here  it  meets 
with  more  reiiftance,  than  if  it  is  forced  to  pafs 
through  it.  This  partly  arifes  from  the  pov/er 
the  eledric  fluid  has  of  railing  an  expanflve 
vapour  from  the  furface  of  the  water,  which 
drives  off  the  reflfting  air. 

A  difcharge  pafled  over  the  furface  of  a  piece 
of  ice  will  leave  on  it  fmall  unequal  cavities, 
exhibiting  the  fame  appearance  as  if  a  hot 
chain  had  been  placed  on  it. 
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A  difcharge  fent  through  a  green  leaf  tears' 
Ihe  furface  in  various  directions^  leaving  an 
image  in  miniature  of  fome  of  the  effedts  of 
lightening^  A  difcharge  will  pafs  to  a  Certain 
diilance  over  fpirit  of  wine,  without  inflaming 
it  ;  but,  if  the  diftance  is  increafed,  it  will  fet 
it  on  fire.  From  hence  it  appears,  that  the 
facility  with  v/hich  the  electric  fire  is  tranfmit- 
ted  over  the  furface  of  ^  moift  fubftances,  de- 
pends on  the  eafe  with  which  they  are  turned 
into  vapourSi 

The  difcharge^  in  melting  the  particles  of 
metals,'  drives  into  its  palTage  the  conducting 
vapours  v/hich  arife  from  them  ;  and,  in  pro- 
portion as  the  parts  of  any  body  are  m.ore  rea- 
dily driven  into  vapour  or  dufi,  the  fpark  Vvill 
fun  to  a  greater  diftance. 

Experiment     CXLI. 

If  a  wire  is  ftretched  by  weights,  and  d 
fhock  is  fent  through  it  that  will  render  it  red 
hot,  it  is  found  to  be  coniiderably  lengthened 
after  the  difcharge^  When  the  wire  is  loofe^f 
k  is  faid  to  be  fhortened  by  the  exploiion. 

Ex  PE  HI  ME  NT       CXLII. 

If  a  long  narrow  trough  of  water  is  made 

part  of  the  circuit  in  the  difcharge  of  a  battery, 

K  2  _  and 
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and  a  perlbn's  hand  be  immerged  in  the  water 
at  the  tiiPiC  of  the  explolion,  he  will  feci  an  odd 
vibnation  in  the  water,  very  different  frcrm  an 
eleflrical  ihock.  The  quick  ftroke  from  the 
repercuffion  of  the  air  and  the  vapour,  is  com- 
municated to  the  hand  by  the  water,  and  the 
hand  receives  a  fliock  fimilar  to'  that  received 
by  a  ihip  at  fea  during  an  earthquake^ 

Ex  PERIMENT         CXLIII. 

Place  a  plain  piece  of  metal  between  the 
points  of  the  univerfal  difcharger,  pafs  feveral 
explofions  of -a  battery  through  the  wires,  and 
the  difcharges  will  gradually  form  on  the 
metal  different  circles,  beautifully  tinged  with 
the  prifraatic  colours.  The  circles-  appear 
fooner,  and  are  clofer  to  each  other,  the  nearer' 
the  point  Is  to  the  furface  of  the  metal.  The 
number  of  rings,  or  circles,  depend  on  the 
Iharpnefs  of  the  point ;  the  experiment  there- 
fore lucceeds  better  if  a  fharp  needle  is  faftened 
to  one  of  the  points  of  the  difcharger. 

Several  very  curious  experiments  v/ere  made 
by  Dr,  V/atfon  and  others,  to  afcertain  the  dif- 
tance  to  which  the  eledlric  fhock  might  be 
conveyed,  and  the  velocity  v/ith  which  it  moves. 
In  his  firft  experiment,  the  fhock  v/as  given 
and  fpirits  fired  by  the  eledric  matter  which 

had 
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Iiad  been  conveyed  through  the  river  Thames. 
In  the  next  experiment,  the  electric  fluid  was 
made  to  pafs  through  a  circuit  of  two  miles, 
croffing  the  New-river  twice,  going  over  fevefal 
gravel  pits,  and  a  large  field.  It  was  afterwards 
conveyed  through  a  circuit  of  four  miles.  It 
pafTed  over  thefe  fpaces  inflantaneouily  as  to 
fenfe.  This  fcnfible  inftantaniety  in  the  motion 
of  the  clccftric  fluid,  was  afcertained  by  an  ob- 
ferver,  who,  though  in  the  room  with  the 
charged  phial,  was,  at  the  fame  time,  in  the 
middle  of  a  circuit  of  two  miles,  and  felt  him- 
lelf  fhocked  at  the  fame  inftant  he  law  the  phial 
difcharged. 

Notwithftanding  this  furprizlng  vtlocity,  it 
is  certain,  that  both  fides  of  a  charged  phial 
may  be  touched  fo  quickly,  even  by  the  beil 
conduftors,  that  all  the  eledric  matter  has  not 
time  to  make  the  circuit,  and  the  phial  will 
remain  but  half  difcharged  ;  and  there  are  fe- 
veral  inflances  where  its  motion  appears  flow, 
and  not  eafily  reconcilable  with  this  immealura- 
ble  velocity  ;  and  it  is  alfo  certain,  that  this 
fluid  is  refifled  in  its  palTage  through,  or  over, 
every    fubflance. 

The  wonderful  part  of  the  foregoing  experi- 
ments will  vanish,  if  we-  admit  the  reafonincr  of 
Mr,  Volta  on  this  fubjecl ;   and  the  reader  will 
find  his  reafoning  confiderably  flrengthened   by 
K  3  expcri- 
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experiments  1 1 8,  1 19,  120  of  this  elTay^  which 
were  originall}^  made  by  Mr.  Atwood  ;  though 
it  muil  be  owned,  thefe  exDeriments  feeni  to 
lead  much  further,  and  give  an  idea  of  the  difecr 
tion  of  the  eleftric  fluid  in  the  difchar2:e  of  the 
Leyden  phial,  which  differs  altogether  from  the 
received  theory. 

The  foliov/ing  account  is  extracted  from  a 
very  long  paper  of  Mr.  Volta,  in  the  Journal 
de  Phyiique  for   1779  • 

Let  us  fuppofe  that  a^  b,  c,  d,  e,  f,  g,  h, 
i,  k,  /,  m,  n,  0,  hold  hands  ;  let  a  grafp 
the  outfide  of  a  charged  Leyden  phial,  and  0 
touch  the  knob  ;  at  the  inftant  0  receives  the 
iire  difchafged  from  the  iniide  by  the  knob,  a 
will  furniih  from  his  natural  llock  to  the  out- 
fide, without  vv^aiting  till  the  nre  arrives  to  him 
from  <?,  by  ;2,  to  m,  &c.  in  the  mean  while 
the  lofs  of  a  is  compenfated  from  b,  and  b 
is  furnillied  with  frefli  matter  from  c,  and  fo 
on.  It  is  ftill  true,  that  there  is  but  one 
flream,  if  we  coniider  only  the  diredion  of  the 
fluid,  which  is  excited  iimuitaneoufly  at  the 
two  extremities,  and  moves  at  the  fame  inilant 
of  time ;  though,  to  fpeak  more  accurately, 
it  is  not  one  flream,  but  two  united  in  one. 
If  the  extream  rapidity  with  which  the  iire 
pafies,  did  not  prevent  our  perceiving  the  fuc- 
ccilive  commotions  received  by  the  perfons  who 

form 
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form  the  chain,  we  Ihould  find  they  did  not 
follow  the  order  0,  n,  m,  I,  but  were  felt 
iimultaneoufly,  iirft  at  the  two  extremities  o 
and  a,  then  at  n  and  b,  m  and  c^  &c.  advan- 
cing towards  the  middle  of  the  chain.  Agree- 
able to  this,  if  the  bottle  is  fmall,  the  longer 
the  circuit  is  made,  thofe  who  are  furtheffc 
from  the  extremities  find  the  fliock  weaker. 

To  render  this   account  more  clear^  feparate 
the  circuit,  and  form  on  a  dry  floor  two  rows, 
^,  h,  Cf  d,  —  f,  /,  g,  h,    interrupted    in    the 
middle  ;  let  d  grafp  the  bottle  by  the  outiide, 
and  a  excite   the   difcharge   by^  touching  the 
knob  of  the  bottle  •  now,  if  the  eledric  fire  was 
obliged   to  take  the  fliortell  courfe  to  come  to 
the  exterior  and   negative  fvirface,  it  oug-ht  to 
defcend  to  the  feet  of  e,  pafs  over  the  boards 
to  the  ^Q:zt  of  d,  and  then  Uirough  him  to  the 
outiide,    without   afling   on  /,    gy    i?,    which 
would  be  out  of  its  circuit.     Bui,  contrary  to 
this,  the  fluid  goes  out  of  the  direct:  courfe,  to 
follow  that  of  the  conducing  perfons,  v/hich 
afford  it  a  proper  receptacle,  and  comes  to  the 
outiide  by  another  fource.     The  fire  which  goes 
from  the  infide  from  e  to  /,  g^  h,  gives  them 
a   fenfible  fenfation  in  their  hands  and  their 
heels,  Ihewing  itfelf  by  a  fpark,  if  the  hands 
and  the   feet   are   feparated  a  little  from  each 
other,    and  finiihes  by  diffipating  itfelf  in  the 
K  4  common 
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common  refervoir.  In  the  fame  manner  dy 
who  firll  gives  the  fire  to  the  outfide,  receives 
it  fucceffively  from  r,  ^,  a,  wlio  all  draw  it 
jn  from  the  floor.  The  flream  therefore  which 
proceeds  from  the  knob  of  the  bottle,  pafling 
through  the  conducting  fubftance,  lofes  itfelf 
in  the  general  fource ;  while,  from  the  fame 
fource,  a  fufhcient  quantity  is  taken  to  fupply 
the  deiiciency  of  the  exterior  furface. 

If  /,  g,  h,  do  not  form  a  chain,  but  are 
irregularly  placed  round  e,  the  pofitive  part  of 
the  fluid  may  be  feen  to  fpread  itfelf  on  differ- 
ent fides,  and  divide  itfelf  in  diiterent  branches 
to  reach  the  floor.  The  fluid  will  in  the  fame 
manner  rife  from  the  fioor  to  reach  d,  if  a,  b^ 
and  c,  are  irregularly  placed  round  him  \  fo 
that  each  furface  excites  its  own  flream  ;  one 
that  enters  the  bottle,  the  other  proceeding' 
from  it.  Thus  alfo,  in  the  foregoing  experi- 
ments of  Dr.  Watfon,  where  it  has  been  fup- 
pofed  that  the  elecflric  fluid  has  made  fuch 
amazing  circuits  through  rivers,  over  fields^ 
&c.  The  fluid  from  the  infide  was  difperfed 
in  the  river,  at  the  inflant  that  the  outfide  col- 
ied;ed,  from  the  fame  fource^  fupplies  for  its 
,own  deficiency. 

It    appears    alfo,     from   other    experiments, 
that  one  fide  of  a  charged  eledTic  may  contain 

m.ore 
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rnore  of  one  power  than  is  fufficient  to  balance 
;the  contrary  power  on  the  other  fide.  For,  if 
a  charged  jar  is  infnlated,  and  the  difcharge  is 
made  by  a  difchargcr  with  a  glafs  handle,  after 
the  explofion,  the  difcharger,  and  both  fides  of 
the  jar,  will  polTefs  a  contrary  power  to  that 
which  obtained  on  the  fide  of  the  jar,  which 
was  touched  the  lafl  before  the  difcharge. 

It  may  not  be  improper  to  introduce  here  an 
hypothefis  which  has  been  offered  to  the  public 
iFiflead  of  the  received  theory. 

HYPOTHESIS. 

1 .  The  two  eledric  powers  exifl  together  in 
-all  bodies. 

2.  Since  they  countera6l  each  other  when 
united,  they  can  be  made  evident  to  the  fenfes 

.only  'by  their  feparation-  ^ 

3..  The  two  powers  are  feparated  in  non-elec- 
trics by  the-  excitation  of  eleflrics,  or  by  the 
application  of  excited  electrics. 

4.  The  powers  cannot  be  feparated  in  cledlric 
fubftances, 

5.  The  tvvo  eleflricities  attradt  each  other 
flrongly -through  the  fubftance  of  eled:rics. 

Eledric  fubftances  are  impervious  to  tlie  tvv'o 
eleflricities. 

7.  Either  power,  when  applied  to  an  unelec- 
trified  body,  repels  the  power  of  the  fame  fort, 
and  attrads  th«  contrary  povv^er. 

CHAP. 
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CHAP,      IX= 


)m  the   Infiuencs  of  pointed  CoruiuSlors  for 
>    BiiiMins:s, 


o> 


TH  E  importance  of  eledtricitVy  as  well  as 
ks  univerfal  agency,  becomes  more  con- 
ipicuauSy  in  proportion  as  our  acquaintance 
with,  it  increafes.  We  find  no  fubflance  in  na-r 
ture  wMcli  is  not  acled  on  by  itj  either  as  a 
CG^ndii^or  or  non~condud:or  ;  and  difcoverj  the 
foprizing  phoenomena  of  thunder  and  lighten- 
ing owe  their  origin  to  and  are  of  the  fame  na- 
furer  with  it.  Very  little  progrefs  had  been, 
made  in  eled:ricity  when  the  analogy  between 
the  electric  fpark  and  lightening  was  difcovered  ; 
But  the  fublime  idea  of  realizing  thefe  conjec- 
taieSy  and  proving^,  that  the  fire  which  flaflies 
ill  the  iky  is  the  fame  agent  which  explodes  and 
gives  a  fhock  in  our  experimentSj  was  given  to 
Dr.  Franklin  ;  who  alfo  fiift  fuggelied  the  utility 
of  pointed  condu6;ors  of  metal,  to  preferve 
tyiiildings  from  the  dreadful  effefts  of  lighten- 
ing ;  an  idea  which  was  received  with  general 
applaufe  and  approbation.  Since  this  period, 
many  eleftricians  have  been  induced'  to 
change    their    opinion   reiarive    to    the    utility 

of 
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ftf  thefe  condudors  ;  and,  among  thofe  who 
underfland  the  fubje(R:  well,  it  has  been  dif- 
puted,  whether  the  preference  ihould  be  given 
to  a  condudor  with  a  pointed  end,  or   to  one 

'which  has  an  obtufe  termination. 

I  The  experiments  which  have  been  made  on 
this  fnbjed  are  very  numerous,  but  the  greater 
part  appear  to  me  very  inconclufive,  and  pre- 
fent  only  a  very  partial  view  of  the  fubjefl. 

A.  pointed  conductor,  which  communicates 
with  the  earth,  has  not  any  particular  power  of 
attratfling  eleftricity,  and  acls  only  as  any  other 
condudino;  fubftance  which  does  not  relift  the 

o 

palTage  of  the  elediric  fmid. 

It  is  true,  that  eledricity  palTes  with  more  eafe 
from  an  eletlrified  body  to  a  condu6lor  which  is 
pointed,  than  to  one  which  is  flat  or  globular  ; 
becaufe,  in  this  cafe  the  elaflicity  of  the  eleclric 
fluid,  and  its  power  to  break  through  the  air, 
are  weakened  by  the  fiat  furface,  v/hich  acquires 
a  contrary  eled:ricity,  and  comipenfates  the  di- 
miniihed  intenfity  more  than  a  point  can  ;  the 
point  being  ealily  rendered  negative,  while  the 
effort  of  the  fluid  to  efcape  from  the  eledrificd 
body  is  greater  than  when  it  is  oppofed  by  a 
flat  furface.  So  that  it  is  not  the  particular 
property  of  a  point,  or  flat,  but  the  different 
ftate  of  the  eleclrified  body,  which  caufes  it 
to  part  with  its  eleftricity  eafier,  and  from  a 
greater  diftance,   when    a    pointed    conducing 

fub- 
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fubfiance  is  prefented  to  it,  than  it  doe?  to  a 
fiat  OS  globular  condu6lor.  *      •   ... 

The  capacity  of  candufliors-  to  liold  eledri- 
city  is  in  proportion  to  the  furfaces  which  arc 
free,  or  uninfluenced  by  a  limilar  atmofphere  ; 
a,  circumftance  which  will,  more  or  lefs,  afFed: 
thofe  condudors  which  are  applied  to  buildings^ 
according  to  the  ftateof  the  clouds  and  their 
atmofphere,  the  time  their  influence  has  been 
exerted,  the  nature  of  the  condading  ftrata  of 
the  earth,  and  its  electric  lituation. 

Fig^  68  reprefents  the  gable  end  of  a  houfe, 
fixed  vertically  on  the  horizontal  board  F  G  ; 
z  fquare  hole  is  made  in  the  gable  end  at  h  1,^ 
into  which  a  piece  of  wood  is  fitted  ;  a  wire  is 
inferted  in  the  diagonal  of  this  little  piece  ;  two 
wires  are  alfo  fitted  to  the  gable  end  ;  the  lower 
end  of  one  wire  terminating  at  the  upper  cor- 
ner of  the  fquajre  hole  ;  the  top  of  the  other 
wire  is  fixed  to  its  lower  corner  ;  the  brafs  ball 
on  the  wire  may  be  taken  off,  in  order  that  the 
pointed  end  may  be  occafionally  expofcd  to  re- 
ceive the  explofion» 

Experiment      CXLIV. 

Place  a  jar  with  its  knob  in  contaifi:  with  the 
eonduclor,  connefl  the  bottom  of  the  jar  ivith  the 
hookH,  then  charge  thejar,  and  bring  the  ball 

undef 
*  See  Voka's  Pafer,  Phil.  Tr?n.  vol.  72. 
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Imder  the  conduftor,  and  the  jar  will  be  dlf- 
charged  b)'  aii  explofion  from  the  coTidud:or  to 
the  ball  of  the  houfe.  The  wires  and  chain 
being  all  in  connexion,  the  fire  will  be  conveyed 
to  the  ontfide  of  the  jar  without  afFecllng  the 
houfe  ;  but,  if  the  fquare  piece  of  wood  Is 
placed  fo  that  the  wires  are^  not  connefted,  but 
the  communication  cut  off,  the  €le<ftric  fiuidj 
in  palling  to  the  outlide  of  the  bottle^  will 
throw  out  the  little  piece  of  wood  to  a  confi- 
derable  diflance  by  the  lateral  force  of  the  ex- 
plofion.     See  fig,  68. 

Unfcrew  the  ball,  and  let  the  point  which  is 
underneath  be  prefented  to  the  condudlorj,  and 
then  you  will  not  be  able  to  charge  the  jar ;  for 
the  fharp  point  gradually-  draws  the  fire  from 
the  conductor^  and  conveys  it  to  the  coating 
on  the  outfide  of  the  jar. 

The  prime  conduftor  is  fuppofed  to  reprefcnt 
a  thunder  cloud  difcharging  its  contents  on  a 
iveather  cock  or  any  other  inetal,  at  the  top  of 
a  building.  From  this  experiment  many  have 
inferred,  that  if  there  is  a  connection  of  metal 
to  conduct  the  eledbric  fluid  down  to  the  earth, 
the  building  will  receive  no  damage ;  but, 
where  the  conneflion  is  imperfect,  it  will  ilrike 
from  pne  part  to  another,  and  thus  endanger 
rhe  whole  building. 


ii-X- 
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Experiment      CXLV. 


/ 


Mr.  Henly  affixed  to  the  top  of  a  glafs 
Hand  a  wire,  three-eighths  of  an  inch  in  di- 
ameter,  terminated  at  one  end  by  a  ball,  three- 
fourths  of  an  inch  in  diameter,  and  at  the  other 
end  by  a  very  Iharp  point;  (fee  fig.  6g)  roimd 
the  middle  of  this  wire  hung  a  chain,  12  inches 
long ;  he  connefted  the  chain  with  the  coating 
of  a  charged  bottle,  and  brought  the  knob  of 
it  very  gently  towards  the  ball  on  the  infulated 
wire,  in  order  to  obferve  precifel)''  a;t  what  dif- 
tance  it  would  be  difcharged  upon  it,  which 
conftantly  happened  at  the  diftance  of  half  an: 
inch,  with  a  loud  and  full  exploiion.  Then 
charging  the  bottle,  he  brought  it  in  the  fame 
gradual  manner  towards  the  point  of  the  infu- 
lated wire,  to  try  alfo  at  what  diflance  it  would 
be  flruck ;  but  this,  in  many  trials,  never  hap- 
pened at  all  ;  the  point  being  approached  in 
this  gradual  manner,  always  drew  off  the  charge 
imperceptibly,  leaving  fcarce  a  fpark  in  the 
bottle,- 

Experiment      CXLVI.    ^ 

The  fame  gentleman  connected  a  jar,  con- 
taining 509  fquare  inches  of  coated  furiacey 
with  the  prime  conductor.     (See  iig,  68)     If 

the 
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the  jar  was  fo  charged  as  to  raife  the  ekiSlrome- 
ter  to  6o°5  by  bringing  the  ball  on  the  wir<s  ©f 
the  thunder  houfe  to  half  an  inch  diftance  (i-jom 
that  connected  with  the  prime  condudor,  ths 
jar  would  be  difcharged,  and  the  piece  in  the 
thunder  houfe  thrown  out  to  a  confider^lfi 
diftance*  Uiing  a  pointed  wire  as  a  conducbor' 
fco  the  thunder  houfe,  inftead  of  the  knobj  the 
charge  being  the  fame,  the  jar  was  difeharged 
lilently,  though  fuddenly^  and  the  piece  was 
Bot  thrown  out.s 

.    Experiment      CXLVIL 

He  afterwards  made  a  double  circuit  t©  die 
thunder  houfe  ;  the  firil  by  a  knob,  the  fec^M 
by  a  Iharp  pointed  wire,  at  an  inch  and  a  quarter 
diftance  from  each  othety  but  exa<5lly  the  faixKe:' 
height*  The  charge  being  the  fame,  the  hn-oh 
was  firfh  brought  under  the  prime  condufflcir^. 
which  was  half  an  inch  above  it,  and  followed 
by  the  point  at  an  inch  and  a  quarter  diilancej, 
yet  no  exploiicn  fell  upon  the  ball^  as  the  point 
drew  off  the  charge  lilently,  and  ihe  piece  m 
the  thunder  houfe  remained  unmoYed.' 

Experiment     CJCLVlil. 

He  Infulated  a  large  jar,  and  conneSed,  by 
chains,  with  the  exteiBal  c€)atingj  on  cne  fide,  a 

knoh. 
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knob,  on  the  other  a  fharp  pointed  wife^.  bof?i 
being  infulated,  and  {landing  five  inches  front 
each  other,  (fee  fig.  70)  and  placed  an' infur- 
iated copper  ball,  eight  inches  in  diameter,-  fo 
as  to  ftand  exadtly  at  half  an  inch  diilance  botk 
from  the  knob  and  the  point ;  the  jar  was  the?^ 
charged,  and  the  difcharge  made  by  the  dii- 
charging  rod  on  the  copper  ball,  from  whence 
it  leaped  to  the  knob  A,  ivhich  was  three- 
quarters  of  an  inch  in  diameter,  the  jar  was? 
difcharged  by  a  loud  and  full  expiolion,  and 
the  chain  was  very  luminous. 

Experiment      CXLIX. 

Mr.  Henly  fufpended  by  a  filk  firing  froni 
one  end  of  a  wooden  bar,  which  turned  freely 
in  a  horizontal  direftion  upon  the  point  of  a 
needle,  a  large  bullock's  bladder,  gilded  with 
leaf  copper  ;  the  bladder  was  balanced  by  a 
Vveight  at  the  Othet  end  of  the  arm  ;  (fee  fig. 
71)  he  gave  a  ftrong  fpark  from  the  knob  of  a 
charged  phial  to  the  bladder,  he  then  priefented 
tov\rards  it  a  brafs  ball,  two  inches  diameter, 
and  obferved  that  the  bladder  would  come  to- 
wards it  at  the  diilance  of  three  inches,  and 
when  it  got  within  ah  incTi,  would  throw  off 
its  eleftricity  in  a  full  fpark.  He  then  gave  it 
another  fpark,  and  prefented  a  pointed  wire  to- 
wards 
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^/ards  the  bladder,  which  nevef  approached 
to  the  pohit,  nor  ever  gave  any  fpark,  the  elec- 
tricity being  carried  off.- 

Experiment     CLv 

Take  two  or  three  fine  locks  of  cotton^'  faf™ 
ten  one  of  them  to  the  conductor  by  a-  fine 
threadj  another  lock  to  that,  and  a  third  to  the 
fecond^^ut  the  machine  in  adlion,  and  the  locks 
of  cotton  will  expand  their  filaments,  and  will 
extend  themfelves  towards  the  table.  Prefent  a 
iliarp  point  under  the  lowefl  and  it  will  Ihrink 
tip  towards  the  fecond,  and  this  towards  the 
firft,  and  altogether  towards  the  prime  con- 
du6lor,  where  they  will  continue  as  long  as  the 
point  remains  under  them, 

ExPERIMENt         CLT, 

Fallen  a  number  of  fine  threads  or  hair  to' 
the  end  of  the  prime  conductor  ;  when  the  cy- 
linder is  turned,  thefe  will  diverge  like  rays 
proceeding  from  a  center  ;  continue  turning  the 
cylinder,  and  prefent  a  point  towards  one  fide 
of  the  condudor,  and  the  threads  on  one  fide 
will  hang  down,  and  lofe  their  divergence,  but 
thofe  on  the  other  fide  will  ilill  continue  to  di- 
verge ;  which  fliews,  that  the  power  of  points 

L  ■  to' 
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to  draw  off  eleclrlcity  does  not  extend  rouiid 
the  electrified  body  when  means  are  iiied  to  keep 
up  the  fupply  of  eledtricity. 

Fig.  72  reprefents  an  oval  boards  three  feet 
Icrig  and  two  feet  broad,  coated  on  both  fides 
with  tin-foil,  and  fufpended  by  filk  lines  from 
the  double  hodk,  this  turns  on  an  axis,  which 
is  failened  to  one  arm  of  a  nice  balance,  and 
counter-poifed  at  the  other  arm  by  a  weight j 
part  of  the  table  underneath  the  board  is  to  be 
covered  with  tin-foil,  and  communicate  to  the 
floor  by  a  chain. 

E  X  P  E  R  I  iM  £  N  T  CLlt. 

Connedl  the  pendulous  board  with  the  prime 
conductor  by  a  fmall  wire,  a  few  turns  of  the 
machine  will  eled:rify  the  apparatus.  When 
this  experiment  was  made,  the  board  was 
attrafled  by  the  table  at  15  inches  diflance,  and 
difcharged  itfelf  with  a  flrong  fpark  ;  the  fame 
happened  to  a  metal  ball  which  was  placed  on 
the  table,  the  board  approaching  till  it  was 
about  one  inch  frpm  the  ball,  and  then  dif- 
charging  itfelf  by  a  fpark*  If  a  point  is 
iixed  on  the  board  inflead  of  the  knob,  the 
pendulous  board,  though  it  begins  to  approach, 
f!bps  at  about  four  or  five  inches  fromx  the  table^ 
and  it  will  not  approach  nearer  or  give  a  fpark  ; 
a  fmall  light  is  feen  upon  the  point  in  the  dark, 

A 
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A  Ley  den  phial  was  then  connedled  with  the 
prime  condudor  ;  it  now  required  more  turns 
of  the  machine  to  charge  the  apparatus,  the 
efFe(R:  was  the  fame  as  before.  The  counter- 
poife  was  now  held,  that  the  board  might  not 
defcend  till  it  had  received  a  full  charge ;  when 
fet  at  liberty,  it  was  not  only  attrad:ed  by,  but 
alfo  gave  a  lolid  explolion  on  the  point,  info- 
much,  that  the  tin-foil  round  it  was  flained  by 
the  overflowing  of  the  fire. 

The  fallowing  experiment  is  extfad:cd  from 
'^'  An  Account  of  Experiments  made  at  the 
Pantheon  on  the  Nature  and  Ufe  of  Con- 
duftors,"  by  Mr.  Wilfono\  It  was  made  in 
brdtv  to  point  out  vvhat  he  deemed  erroneous 
'in  an  experiment  of  Mr.  Henly,  which  is  the 
148'^  of  this  elTay. 

The  circuit  of  commATriication  was  divided 
into  two  parts  : 

A  bent  rod  of  brafs,  with  a;' ball  of  the  fame 
metal,  three  quarters  of  an  inch  in  diameter^ 
fcrewed  on  to'  the  upper  extremity  of  it,  and 
a  copper  ball,  five  inches  in  diameter,  fcrewed 
on  to  the  lower  end,  forms  one  of  the  parts^ 
This  part  was  fupported  by  a  Hand  of  wood 
that  had  a  cap  of  brafs  at  the  top,  into  which 
the  brafs  rod  was  occafionally  fcrewed. 

}.  t     ^  .    The 
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The  other  part  of  the  circuit  confided  of  i 
brafs  rod  alfo  ;  one  end  of  which  branched  but 
in  the  form  of  a  fork,  with  two  prongs  that 
pointed  towards  the  center  of  the  copper  ball ; 
and  thofe  prongs  were  fo  conflruiled,  that  either 
of  them  could  be  made  longer  or  fhorter,  jull 
as  the  experiment  required.  On  the  end  of 
one  of  the  prongs  v.^as  fixed  a  ball  of  brafs, 
three  quarters  of  an  inch  in  diameter,  and  on 
the  other  a  fharp  fleel  point  or  needle.  The 
fhoiilder  of  this  fork  fcrewed  into  a  fmall  plate 
of  iron,  that  was  fixed  on  the  infide  of  a  wood- 
en veflel,  which  contained  the  greatell  part  of 
a  cylindrical  glafs  jar,  twelve  inches  three 
quarters  high,  and  about  four  inches  in  dia- 
meter^  This  glafs  was  rather  thick  than  other- 
wife,  and  the  coating  of  it  (which  was  tin-foil) 
nieafured  nearly  144  fquare  inches  on  each  fur- 
face.  Befides  this  coating,  part  of  the  infide 
of  the  wooden  veflel  was  coated  alfo  with  tin- 
foil, for  the  purpofe  of  making  a  fecure  com* 
munication  between  the  iron  plate  and  the  out-. 
ward  coating  of  thejar^  Within  the  jar  itfelf 
was  fitted  a  cylinder  of  wood,  that  was  covered 
with  tin-foil  alfo,  to  make  a  communication 
between  the  infide  coating  of  the  glafs  and  a 
brafs  rod,  that  was  fixed  upright  in  the  center 
of  the  wooden  cylinder.  This  upright  rod 
having  a  ball  of  brafs  at  the  end,  three  quar- 
ters 
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tcrs  of  an  inch  in  diameter^  was  bent  towards 
the  firfi:  part  of  the  circuit;  fo  that  the  two 
balls  A  and  B,  in  fig.  73,  being  upon  a  level, 
looked  towards  each  other,  but  were  placed 
fix)m  time  to  time  at  different  dillances,  as  oc- 
cafion  required  ;  and  thus  anfwered  the  purpofe 
of  an  electrometer, 

Mr.  Wilfon  began  the  experiments  where 
the  cleflrometer  was  llruck  at  the  oreateil: 
diflance,  and  then  adjufted  the  diftances  of  the 
ball  accordingly  ;  fo  that  if  the  point  was 
llruck  when  they  were  adjufted^  the  moving  of 
the  ball  the  thirty-fecond  part  of  an  inch  would 
occafion  the  bail  to  be  ftruck  in  preference  to 
the  point,  and  vice  verfa.  Afterwards  he  lelfen- 
gd  the  ftriking  diflance  of  the  electrometer,  in 
every  experiment^  till  he  attained  the  leail 
diflance. 

Upon  reverling  part  of  t^e  apparatus,  and 
fixing  the  ball  to  the  bottle,  and  th,e  fork  to 
th^  ftand^  all  thofe  experiments  were  repeated 
again  ;  the  copper  ball  being  put  nearefl  to  the 
glafs,  in  the  place  of  the  forked  part^  and  the 
forked  part  in  the  place  of  the  copper  ball. 
This  fet  of  experiments  being  compleated,  he 
made  others,  where  the  ball  only  was  oppofed  ; 
and  after  them,  where  the  pojnt  only  was  op- 
pofed to  the  copper  balL 

L  3  Having 
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Having  gone  through  all  thefe  experhnentSy 
as  they  are  fet  down  in  the  firfl  table,  he  then  • 
repeated  the  experiment  with  the  chain,  after 
Mr.  Henly's  manner.  The  refult  of  which, 
and  with  the  apparatus  reverfed,  will  appear 
in  the  fecond  table. 


TABLE 


ON      ELECTRICITY,     i^i 


T  A  Ei  L   E       I. 

EXPERIMENTS  made  at  Dr.  HiGGiNs's, 
June  19,  .  778,  with  the  LEYDEN  PHIAL 

and  forked  Apparatus, 

N.  B,  The  meafures  exprefled  in  the  following  tables  were 
taken  from  a  fcale  containing  32  parts  in  one  inch. 

The  number  oppofite  the  word  eleflrometer,  denotes  the 
diilance  between  the  balls  which  conftituted  the  eleftro- 
meter ;  and  the  numbers  oppofite  to  the  words  hall  VLVid 
point,  ftiew  the  greatell  diltance  at  which  they  were  rc- 
fpedtively  flruck. 


Ball  and  Point  oppofite         Ball    Pt. 
the  Ley  den  Phial.  only.  only. 

f  Kle^Slrometer  32  C32  (-32 
I.     ^Ball—    —     3*^48^  — 
—     45  (--^88 


c  Point 


E.   — 


f^,  —    —    28  r28  r28 

11.  H.    --    -^    3oU3]~ 

Ip.   _    _-    38(.--[78 


Apparatus 
r  ever  Jed, 


Ball  Pt. 
only,  only, 

32r32 


III 


IV 


iE.    —    —     25  ("26  r  26 
B.    -    ~    28]  36]- 


■E.   —    — 


20 
28 

51 


.]b. 

rE. 

1p. 38  t 

iE.  -^    —  10  c  10  r  10 

B.  ~     —  12"^  io^«~ 

P.  _    —  i8(.~.l25 


V 


VI. 


20  r20 

29  <  — 

—  (.64 

16  f  16  f  16 
22  <j  20  j  — 
44(.— [47 

I3ri3f '3 


L  4 


at 

(.  — (^39 

!?£ 

r  20/-20 

C~  (24 

f  16  f  j6 

1  —  1  26 

r  10  f  10 
TABLE 
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TABLE       11. 

EXPERIMENTS  with   the   CHAIN, 


after    Mr, 

Poztit  and  Ball  op^ofits 
the  Ley  den  Phial. 

r  Electrometer  2i 
J  Ball  —  —  26 
(,  Point         —     24 


Henly's    manner. 


apparatus  render  fed. 

—  C237    repeated    f  2$ 

—  <  28  >  ^^    differ-  J   i,g 

—  C26J^^'^"^^^-[30 


TABLE       III. 

The  EXPERIMENTS  of  the  2d  and  ;^d 
Table,  repeated  at  Mr.  Partington's, 
yune  23,  1778,  aBrafs  CHAIN  being  made 
life  of  inftead  of  the  forked  Apparatus. 

Hall  and  Point  oppo file         B.      P. 
the  Leyden  Phial.  only.  enly. 

r Eleflrometer  '^2  r^z  r  ^z 
<  Ball    —    —  4o<  39 ■<  — 

—  y6t^L 

—  zS  rZ2  r 
33i36< 


I. 


II 


L  Point 
E.      - 


{ 


71 
•28 


-E 
B 
P 


V.  ^B 

E 
B 
P 

E 
VIHB 


VI 


—  —  72  t—  c  66 

' —  —  25  r^^  rz6 

—  —  33^33"7  — 

—  —  46  C —  C64 


20 

21 
50 
16 
21 

55 


20  C20 


—   l6r  16 


r  16  ^16 

riiz 


1'") 


i? 

*"EIeftrometer  — 


13  ri3  f  13 

441.— 142 

—  38^-t-37 


j^pparaius 
re'verfed. 

32        — 

30       ^ 
38       ^ 

f28         - 


B. 

enly 


<2g 

627 


J 


P. 

32 

39 

28 


r^0  r 20 


{25-)    s 
3CJ    §. 


•35- 

20 

26 
16 


•21 
»3 

'9 


0 
z6  r«26 

<|28^27<  — 


-J } 


■37' 


37 


O  r  2.0 


alter,    y  ^ 
nately.    l^l 

riately.  •J^j'ij 


16 


27 
16 

24 
'3 


10  f  10 


2l-> 


-^  Ball      —      —    24  ^  Apparatus  reverfed. 
C  Point     —      —    643 


"  Ever 
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5^  Ever  lince  the  difcovery  of  the  identity  of 
.elccftricity  and  lightening,  it  has  been  allowed 
by  all  parties,  that  condudors  of  fome  kind  are 
in  a  manner  necefTary  for  the  fafety  of  build- 
ings in  thofe  countries  where  thunder  ftorms 
aje  very  frequent.  The  principle  on  whicli 
they  ad:  is  this  :  that  the  eledric  fluid,  when 
impelled  by  any  power,  always  goes  to  that 
place  whi-ere  it  meets  with  the  kail  j-eiiftance. 
Now,  as  metals  are  found  to  give  the  leaft  re- 
fiftance  to  its  paffage,  it  will  always  choofe  to 
run  along  a  \  metaline  rod,  in  preference  to  a 
j^aflage  of  any  other  kind.  But  it  is  neceflary 
to  obferve  here,  that  ele(3:ricity  iiev^r  iftrikcs 
a  body  merely  for  the  .  fake  of  the  body 
itfelf,  but  as  by  means  of  that  body  it  can 
arrive  at  the  place  of  its  deftination.  When 
a  quantity  of  electricity  is  colieded  from 
the  earth,  by  means  of  an  electric  machine,  a 
body  communicating  with  the  earth  will  receive 
a  flrong  fpark  from  the  prime  condu(fi:or  ;  it 
receives  this  fpark  not  becaufe  it  is  capable  of 
containing  all  the  eledricity  of  the  cylinder 
and  condu(51:or,  but  becaufe  the  natural  iituation 
of  the  fluid  being  dlfturbed  by  the  motion  of 
th,e  jnachine,  a  flream  of  it  is  fent  off  from  the 
earth.  The  natural  powers,  therefore,  make 
an  effort  to  fupply  what  is  thus  drained  off  from 
the  e^rth  j  and,  as  the  individual  quantity 
«  which 
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which  comes  out  is  mofl  proper  for  fupplying. 
ihe  deficiency,  as  not  being  employed  for  any 
natural  purpofe,  there  is  always  an  effort  made 
for  returning  it  to  the  earth*  No  fooner,  thcn^^ 
is-  a  conducing  body,  communicating  with  the 
earthy  prefented  to  the  prim,e  condudlory  than 
the  whole  effort  of  the  eledtricity  is  directed 
againft  that  body ;  not  rfierely  becaufe  it  is  a 
€ondu(5lor,  but  becaufe  it  leads  to  th^  place 
where  the  fluid  is  direded '  by  the  natural  pow- 
vtrs  by  which  it  is  governed,  and  at  which  it 
would  find  other  means  to  arrive,  though  that 
body  were  not  to  be  prefented.  That  this  is 
the  cafe  we  may  eafily  fee,  by  prefenting  the 
fame  conducing  fubftance  in  an  infulated  ftate. 
to  the  prime  condudlor  of  the  machine,  when 
we  fliall  find  only  a  fmall  fpark  will  be  pro- 
duced. In  like  manner,  when  lightening  flrikes 
a  tree,  a  houfe,  or  a  thunder-rod,  it  is  not  be- 
caufe thefe  objeds  are  high,  or  in  the  neigh- 
bourhood of  the  cloud,  but  becaufe  they  com-; 
municate  with  fome  place  below  the  furface  of 
the  ground,  againft  which  the  impetus  of  the 
lightening  is  direfled,  and  at  that  place  the 
lightening  would  certainly  arrive ,  though  none 
of  the  above-mentioned  objeds  had  been  inter-^ 
pofed. 

"  When  the  atmofphere  begins  to  be  eledri- 
fied^  either  negatively  or  poiitively,  the  earth. 
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by  means  of  the  inequality  and  moifture  of  its 
furface,  but  efpecially  by  the  vegetables  which 
grow  upon  it,  abforbs  that  elediricity,  and 
quickly  becomes  eled:rified  in  the  fame  man- 
ner with  the  atmofphere ;  this  ablbrption,  how- 
ever, eeafes  in  a  very  ftiort  time,  becaufe  it 
cannot  be  continued  without  fetting  in  motion 
the  whole  of  the  eleclric  matter  contained  in 
the  earth  itfelf.  Alternate  zones  of  pofitive 
and  negative  eledrricity  will  then  begin  to  take 
place  below  the  furface  of  the  earth,  for  rea- 
sons given  in  the  courfe  of  this  effay.  Be- 
tween the  atmofphere  and  one  of  thefe  zones 
the  ftroke  of  lightening  will  ahvays  be.  Thus, 
fuppoling  the  atmofphere  is  pofitively  eledrl- 
^ed,  the  furface  of  the  earth  will,  by  means 
of  trees,  &c.  quickly  become  pofitively  clciflri- 
iied  alfo,  we  will  fuppofe  to  the  'depth  of  ten 
feet  :  the  eled:ricity  cannot  penetrate  further, 
on  account  of  the  refillance  of  the  ele<5i:ric  mat- 
ter in  the  bowels  of  the  earth.  At  the  depth 
of  ten  feet  from  the  furface  a  zone  of  negatively 
cleflrified  earth  begins,  and  to  this  zone  the 
eledricity  of  the  atmofphere  is  attracted ;  but 
to  this  it  cannot  get,  without  breaking  through 
the  pofitively  eleftrified  zone,  which  lies  up- 
permofl,  and  fhattering  to  pieces  every  bad 
£ondud:or  which  lies  in  its  way.  We  are  there- 
fore fure,  that  in  whatever  place  the  outer  zone 

of 
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Cif  pofitively  eledlriiied  earth  is  thinneft,  there 
the  lightening  will  ftrike^  whether  a  coadudlor 
liappens  to  be  prefent  or  not.  If  there  is  a 
condiid^or^  either  with  a  knob  or  iharp  pointed, 
the  lightening  will  infallibly  ftrike  it  :  but  it 
would  alfo  have  ftruck  a  houfe  fituated  on  that 
fpot  without  any  condudor  ;  and  if  the 
iiQule  had  not  been  there^  it  would  have  S:ruck 
the  furface  of  the  ground  itfelf..  Again,  if  we 
fyppofe  the  houfe  with  its  condudior  to  ftand 
on  a  part  of  the  earth  wheie  the  pofitively 
electrified  zone  is  very  thick,  tKe  condudksr. 
will  neither  filently  drav*/-  off  the  eleflricityj 
nqr  will  the  lightening  ftrike  it ;  though,  per- 
haps,, it  may  llrike  a  much  lower  objeft,  or 
even  the  furface  of  the  ground  itfelf  at  no  great. 
dillance  ;  the  reafon  for  which  undoubtedly  is, 
that  there  the  pofitively  ekdrifled  zone  j^  thin-. 
ner  than  where  the  cotndufto?;  was, 

"  To  fuppofe  that  a  pointed  condudlor  will 
exhauft  a  thunder  cloud  of  its  eleiftricity,,  muft 
at  iirft  iight  appear  trifling,  to  infift  on  it,  ridi- 
culous. Innumerable  obje<5ts  are  all  confpiring 
to  draw  off  the  eleftricity  as  well  as  the  con- 
ductor, if  it  could  be  drawn  off ;  but  of  ef- 
fecting this,  there  is  an  impoffibility,  becaufe 
they  have  the  fame  kind  of  eledlricity  with  the 
clouds  themfelvesc 

^'^  Befide-E^ 
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*'  ^efides,  Becaria  has  obferved,  that  durrng; 
the  progrefs  aiid  increafe  of  the  ftorm,  thougli 
the  iightening  frequently  ilruck  to  the  esTth^ 
yet  the  fame  cloud  was  the  next  moment  ready 
to  make  a  greater  difcharge,  and  his  apparatus 
continued  to  be  as  much  affe^ed  as  ever. 

"  The  condudior  has  Tiot  even  the  pev/cr  ctf" 
■attraSfing  the  lightening  a  few  feet  dut  of  tlic 
diredlion  it  would  choofe  itfelf :  of  this  we  have 
a  moil  deciiive  inllance  in  what  happened  tts> 
the  magazine  at  Purfleet,  in  EiTex*  That 
houfe.  was  furniihed  with  a  condudor,  raifed 
ab6ve  the  higheft  part  of  the  building ;  never- 
theiefs,  a  fiaili  of  lightening  ftruck  an  Itoe 
cramp  in  the  corner  of  the  wall  of  the  build- 
ing, conliderably  lower  than  the  top  of  the 
'condudor,  and  only  forty -f)^  teet  in  a  lloping; 
line  diftant  from  the  point. 

*'•  The  tondudor,  with  all  its  power  of 
drawing  off  the  eledrie  mattcr_,  was  neither  2,Mt 
to  prevent  the  flafli,  nor  to  turn  it  fbrty-^^.x  feet 
out  of  its  wayi  The  matter  ^of  fact  is,  the 
li^htenin^  was  determined  to  enter  the  earth 
at  the  place  where  the  Board-houfe  ftands,  or 
near  it  ;  the  condudior^  fixed  on  the  Iioiife, 
offered  the  ealieil  communication,  butfor-ty-^x 
feet  of  air  intervening  between  the  point  of  iht 
condud:or  and  the  pkce  of  the  explojion^  the 
reJiftance  was  lefs  through  the  blunt  cramp  of 
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iron,  and  a  few  bricks  moiftened  with  the  raiii 
to  the  fide  of  the  metalline  condu6lorj  thart 
through  the  forty-fix  feet  of  air  to  its  pointy 
for  the  former  was  the  way  in  which  the  light- 
ening actually  palTed.- 

^•^  The  ziz-zag  kind  of  lightening  is  the  molt 
dangerous,  becaufe  it  muft  overcome  a  very 
violent  refinance  of  the  atmofphere,  and  where- 
ever  that  refiilanee  is  in  the  fnilalleft  degree 
lelTened,  there  it  will  undoubtedly  flrike,  ;and 
even  at  a  confidefable  diftance.  It  is  otherwife 
with  that  kind  which  appears  in  flaflies  of  no 
determinate  form  :  the  eiedtric  matter  of  v/hich 
is  evidently  difiipated  in  the  air  by  fome  con- 
.dufting  fubllances  which  are  prefent  there^-  and 
they  are  therefore  rendered  Icfs  powerful* 

"  The  mofl  deftruclive  kind  of  lightening 
is  that  v/hich  aHumes  the  form  of  balls,'  Thefe 
are  produced  by  an  exceeding  great  power  of 
elediicity,  gradually  accumulated  till  the  re- 
iiflance  of  the  atmofphere  is  no  longer  able  to 
confine  it.  In  general,  the  lightening  breaks 
out  from  the  elcclrified  cloud  by  means  of  the 
approach  of  fome  conducing  fub'ftance  ;  but 
the  fire-balls  feem  to  be  formed  not  becaufe 
there  is  any  fubilance  at  hand  to  attracft  the 
elcftric  matter  from  the  cloud,  but  becaufe  the 
eledricity  is  accumulated  in  fuch  a  quantity 
that  the  cloud  can  no  longer  contain  it.  Hence, 

fuch 
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fuch  balh  fly  off  ilowiy,  and  have  no  particular 
deflination  ;  their  appearance  indicates  a  pro- 
digious commotion  and  aGCumulation  of  elec- 
tricity in  the  atmofphere,  without  a  proportion- 
able difpofition  in  the  earth  to  receive  it.  This 
difpofition  is  however  altered  by  a  thousand 
circumllances,  *and  the  place  which  nril  becomes 
moft  capable  of  admitting  eiedricity  will  firfl: 
receive  a  fire-balL  Hence  this  kind  of  light-- 
ening  has  been  known  to  move  ilowiy  back- 
wards and  forwards  in  the  air  for  a  coniiderable 
timiC,  and  then  fuddenly  fall  in  one  or  more 
houfes,  according  to  their  being  more  or  lefs 
affeded  with  an  electricity  oppoiite  to  that  of 
the  ball  at  the  time^  It  will  alfo  run  along  the 
ground,;,  break  iiito  feverai  parts^,  and  produce 
feveral  explolions  at  the  fame  time» 

/'  It  is  very  difficult  to  imitate  this  kind  of 
lightening  in  our  eledrical  experiments.  The 
only  cafes  in  which  it  hath  been  done  in  any 
degree  are  thofe  in  which  Dr.  Prieflky  made 
the  eXplolion  of  a  batttery  pafs  for  a  conlidera- 
ble  way  ©ver  the  furface  of  raw  Meihj  water^ 
&c.  in  thefe  cafeS.,  if,  while  the  eleccric  Salh. 
paffed  over  the  furfaces  of  the  fieihj  it  had 
been  pofiible  to  interrupt  the  metallic  circuit  by 
taking  away  the  chain,  the  eled:ric  matter  dii- 
charged  would  have  been  precifeiy  m  the  iitua- 
tion  of  one  of  the  above-meiiiioned  lire-balls  ; 
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I.e.  it  would  have  been  at  a  lofs  for  a  condufloV^ 
The  negative  fide  of  the  battery  was  the  place 
of  its  deflination,  but  to  that  it  could  not  eafilr 
have  got,  becaufe  of  the  great  quantity  of 
atmofphere  whieh  lay  in  its  way,  and  the  in- 
capacity of  the  neighboiaring  bodies  to  receive 
it.  But,  while  the  eledlric  matter  was'  thus 
ftationary  for  w^ant  of  a  condudtor,  if  any  one 
ftanding  near,  or  touching  the  negative  fide  of 
the  battery,-  prefented  a  finger  to  this  feemingly 
inoffenfive  luminous  body,  he  would  be  inftantly 
ftruek  very  violently,  beca'ufe  a  free  commu- 
nication being  now  made  by  means  ot  his  body, 
the  powers  by  which  the  eleclric  fluid  is  im-" 
peiled  from  one  place  to  another  would  urge 
it  upon  him.  But  if  we  fuppofe  a  perfon,  who 
has  no  communication  with  the  battery,'  to 
prefent  his  finger  to  the  fame  body,  he  may 
perhaps  receive  a  flight  fpark  from  it,  but  no^ 
a  lliock  of  any  confequen^e. 

*'  We  may  now  account  for  the  feemingly^ 
capricious  nature  of  all  kinds  of  lightening, 
but  efpecially  of  that  kind  which  appears  in 
the  form  of  balls.  Sometimes  it  will  ilrike 
trees,  high  houfes,  &c.  without  touching  cot- 
rages,  men,  or  other  animals,  who  are  in  the 
Beighbourhood  ;  p  other  inllances,  low  houfes 
and  cattle  have  been  ftruck,  while  high  trees 
and    fteeples    in     the     fielghbourhood     have 

efcaped^ 
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efcaped.*     The  reafon  of  tMs  is-,,  that  in  thuii--' 
der-florms  there  is  a  z»,ne  of  ea^th  coiifiderably 
undet  the  fiarface,    which  the  lightening.  de=* 
fires  to  ftrike,  (if  we  may  ufe  the  expreffion) 
becaufe   it  has   an  eledlricity   oppolite  to  the 
lightening   itfelf*       Thofe   obje<5ls,    therefore, 
wh kh  fof m  the  moft  perfect  conduftors  between 
the  eledrified  clouds  and  that  zone  of  earth 
will  be  ftruck  by  lightening,  whether  they  are 
high  or  low.     Let  us  fuppofe  a  pofitively  elec- 
trified cloud  is  foriTted  over  a  certain  part  of 
the  earth's  furfaee ;    the  eledric  matter  flows 
out  from  it  fitit  into  the  atmolphcFe  all  round, 
and  while  it  is  doing  fo,    the  atroofphere  is 
eledirified  negatively.     In  proportion,  however, 
as   the  current   pervades   greater   and  greater 
portions  of  the  atmofpheyical  fpace,  the  refiil- 
ance  to  its  motion  increafes,;  till  at  lafl,    the 
air  becomes  pofitively  eleftrified  as  well  as  the 
cloud,  and   they  both  aifl  as  one  body.     The 
furfaee  of  the  earth  then  begins  to  be  ele<ftri* 
fied,  and  it  filently  receives  the  eledlrie  matter 
by  means  of  the  trees j .  grafs,  &c.'  which  grow 
M  upon 

*  Of  this  two  remarkable  inftances  have  teert  ad- 
duced, in  a  paper  read  by  Mr.  Achard  at  the  Berlin 
Academy  of  Sciences.  And  Beccaria  cautions  perfons 
from  depending  on  a  higher,  or,  in  all  cafes,  a  bettsr 
coiiduiSlor  than  their  own  body. 
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upon  its  furface,  till  at  iail,  it  becomes  alfo 
poiitively  eleflrified,  and  begins  to  fend  off  a 
current  of  elediricity  from  the  fiirface  down- 
wards. 

*'  The  caufes  which  firft  produced  the  elec- 
tricity ftill  continuing  to  aft,  the  power  of  the 
eledric  current  becomes  inconceivably  greats 
The  danger  of  the  thunder-ftorm  now  begins  ; 
for^  as  the  force  of  the  lightening  is  diredled  to 
fome  place  below  the  furface  of  the  earth,  it 
will  certainly  dart  towards  that  place,  and  fliat- 
ter  every  thing  to  pieces  which  refills  its 
paiTage. 

^^  The.  benefit  of  condudling-rods  will  now- 
alfo  be  evident.  For  we  are  fure,  the  eledlric 
matter  will,  in  all  cafes,  prefer  that  vv^ay  where 
it  meets  with  the  ieafl  refiftance,  and  this  is 
over  the  furface  of  metals.  Infuch  a  cafe,  there- 
fore, if  there  happen  to  be  a  houfe  furnifhed 
with  a  conduftor  dire<5lly  below  the  cloud,  and 
at  the  fame  time  a  zone  of  negatively  eleftrified 
earth  not  very  far  below  the  foundation  of  the 
houfe,  the  conduftor  will  almoit  certainly  be 
ftruckj  but  the  building  will  be  fafe.  If  the 
houfe  wants  a  conductor,  the  lia-htenins  will 
neverthelefs  ftrike  in  the  fame  place,  in  order 
to  get  at  the  eledrified  zone  above-mentioned  ; 
but  the  building  will  be  now  damaged,  becaufe 

the 
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the  materials  of  it  cannot  readily  condud  the 
eledric  fluid,"  ^■^• 


M  2  CHAP« 


*  See  Encyclopse^ia  Britannicaj  Art,  Lightenlngj 
Vol.  VI.   p.  4224. 

That  the  eleflric  matter,  which  forms  and  ani- 
mates the  thunder-clouds,  liTues  from  places  far  below 
the  furface  of  the  earth,  and  buries  itfelf  there,  is  pro- 
bable, from  the  deep  holes  that  have  been  made  in' 
many  places  by  lightening,  by  the  violent  inundations 
that  have  accompanied  thunder-ftorms,  not  occafioned 
by  rain,  but  by  water  burfting  from  the  bov/els  of  the 
earth,  from  which  it  mufl:  have  been  diflodged  by  fome 

internal  concuISon,  &c. See  Dr.  Prieftley'a  Hiftory 

of  Eledricity,  p.  32S, 
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•     C  H  A  P.      X. 

2l>  charge  a  Plate  of  Air^ 

S  air  is  an  eieftric^  it  will  receive  a  cnarge 
like  all  other  eledtric  fubftarices."  To  tKis 
property  may  be  afcribed  many  6f  the  phcsno^' 
mena  which  ai'c  obferved  ifi  the  courfe  of  the 
coriimdri  eleftrical  experiments  ;  for  the  air 
which  furroimds  an  eledirified  non-ele6lric  is 
always  in  fome  degree  charged  with  the  fluidy 
and  thus  acls  upon  the  atmofphere  of  the  elec- 
trified conductor,  not  only  by  its  preffure,,  but 
alfo  by  its  acquired  elecftric  powers ;  and  that 
it  pervades  the  air -to  a  confiderabie  diftance  is 
evident,  from  the  different  methods  by  which 
the  air  of  a  room  may  be  eleftrified. 

Cover  two  large  boards  with  tin-foil;  fufpend 
one  b)'^  iilk  ftrings  from  the  cieling,  and  then 
conn€<fl  it  with  the  condud:or ;  place  the  other 
board  parallel  to  the  former,  on  an  infulating 
itand  that  may  be  eafily  raifed  or  lowered,  to 
regulate  the  diftance  of  the  plates  from  each 
other.  Or  place  the  boards  in  a  vertical  fitu- 
ation,  on  infulating  ftands  of  the  fame  height* 
In  m.oft  cafes  this  form  will  be  found  the  moll 
convenient^     Thefe  boards  may  be  confidered 

as 
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25  the  coatings  to  the  plate  of  air  which  13  be- 
tween them. 

Experiment      CLiL 

Connefl  the  upper  board  with  the  pofitiye 
conductor,  and  the  other  with  the  ground ; 
turn  the  cylinder,  and  the  upper  one  will  be 
eled:rified  pqlitively,  and  the  under  one  nega- 
tively ;  the  fpace  of  air  between  the  two  plates 
adts  as  a  plate  of  glafs,  it  feparates  and  keeps 
afunder  the  two  electric  powers.  Touch  the 
negative  plate  with  one  hand,  and  the  upper 
one  with  the  other,  and  a  fliock  will  be  received 
limilar  tp  that  from  the  Leyden  phial. 

The  ei^rjo  Ihock  will  always  be  felt  when- 
ever a  quantity  of  the  fluid  palTes  through  any~ 
body  in  an  inftantaneous  manner,  and  the  force 
of  the  fhock  will  be  proportional  to  the  quantity 
of  eledricity  accumulated,  and  the  eafe  with 
which  it  can  efcape  ;  for  the  whole  energy  of 
the  eledlricity  depends  on  its  tenfion,  or  the 
force -with  which  it  endeavours  to  fly  off  from 
the  eled  rifled  body. 

The  two  plates,  when  in  contrary  ftates, 
ilrongly  attra(5t  each  other,  and  will  come  to- 
gether, if  they  are  not  kept  afunder  by  force. 
A  fpark  will  fometimes  pafs  between  the  plates, 
and  deftroy  the  eleflrieity  of  each.  If  an  emi- 
M  g  nencc 
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nence  is-  placed  on  the  under  plate,  the  fpark^ 
in  the  fpontaneous  difcharge,  will  ftrike  it* 
The  experiments  with  thefe  boards  will  be 
■  more  plealing,  if  one  furface  of  the  upper  board 
is  covered  with  gilt  leather.  The  two  plates, 
when  charged,  are  fuppofed  to  reprefent  the 
itate  of  the  earth  and  the  cloiids  in  a  thunder- 
Itorm,  The  clouds  being  in  one  ftate,  and 
the  earth  in  an  oppofite  one,  while  the  plate  of 
air  ad:s  as  the  elediric,  and  the  fpontaneous 
difcharges  exhibit  the  phcenomena  of  light-r 
ening. 

An  obfervation  has  been  made  on  this  expe-- 
riment,  which  feems  to  affcd;  one  of  the  prin- 
cipal fupports  of  the  received  th-eory.  I.  have 
fubjoined  it,  in  order  to  invite  thofe  who  are 
converfant  with  eleftricity  to  a  clofer  invefli- 
gation  of  the  fubjed. 

In  this  experiment  it  feems  impoffible  to  de- 
ny, that  the  air  is  penetrated  by  the  electric 
fluid.  The  diftance  between  the  plates  is  fo 
fmall,  that  it  muft  appear  abfurd  to  fay  that 
this  fpace  is  penetrated  only  by  a  repulfive 
power,  when  in  -other  cafes  we  fee  the  fluid 
pervading  much  greater  fpaces  of  air.  But  if 
one  eleflric  fubftance  is  penetrable  by  the  elec- 
tric fluid,  we  mufl  be  led  flrohgly  to  fufpe6t 
at  leaft  that  all  the  reft  are  fo  too.  If  glafs  was 
altogether  impenetrable  to  the  fluid,  it  is  na- 
tural 
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tnral  to  think  that  it  would  run  over  its  fur- 
face  very  eafily.  But  inftead  of  this,  fo  great 
is  its  propenfity  to  enter,  that  a  iliock  fent 
through  between  two  glafs  plates,  if  they  are 
prefTed  pretty  clofe  together,  always  breaks 
them  to  pieces,  and  even  reduces  part  of  them 
to  a  powder  like  fand.  This  laft  efFedl  cannot 
be  attributed  to  any  other  than  the  eledric 
fluid  entering  the  pores  of  the  glafs,  and  meet- 
ing with  reiiltance^  the  impetus  of  its  pro- 
greflive  motion  violently  forces  the  vitreous 
particles  afunder  in  all.  direc^tions. 

EXPEP.IMENT        CLIII. 

Turn  that  fide  of  the  upper  board  on  ivh'cli 
the  gilt  leather  is  palled  towards  the  lower  one ; 
place  one  or  two  fmall  metal  hemifpheres  on 
the  lower  board  ;  connefl  the  upper  board 
with  the  politive  condudior,  and  the  lower 
one  with  that  which  is  negative,  put  the  ma- 
chine in  action,  and  the  upper  board  v/ill  dif- 
charge  the  whole  of  its  contents  on  one  of  the 
hemifpheres,  in  a  ftrong  flalli,  attended  with  a 
fmart  exploiion  ;  vivid  corrufcations  of  eleftric 
light  will  be  feen  darting  in  various  direftions 
,on  the  furface  of  the  gilt  leather,  This  experi- 
ment, fiys  Mr.  Becket,  is  more  than  a  refem- 
'    M  4  blance 


i6S  AN      ESSAY 

blance   of  lightening,    it   is   Nature   invelled 
with  her  own  attire. 

Conne6t  a  coated  phial  with  the  pofitive  con- 
dudto^,  fo  that  it  may  be  difcharged  with  the 
boards,  and  the  flalhes  of  light  will  extend 
further,  and  the  explofic^  will  be  louder. 

E  ?  P  E  R  ^  M  E  N  T       CLIV. 

Place  the  wire,  fig.  lo,  with  the  feathers 
tied  to  it  in  the  middle  of  one  of  thefe  large 
boards,  their  divergence  will  not  be  near  Tq 
much  m.  thk  fituation  gs  when  they  are  at  the 
edge  of  the  board.  If  a  piece  of  down  or  ^ 
feather  is  placed  near  the  edge  of  the  board,  it 
will  fly  off  to  the  nearell  non-eled:rified  body  ; 
•but,  if  it  is  placed  in  tlie  middle,  it  will  be  a 
confiderable  time  before  it  will  move,  and  it 
ivill  fcarqely  Ihow  any  figns  of  attraction. 

Experiment      CLV. 

Place  bran,  or  fmall  pieces  of  paper,  near 
the  center  of  the  lower  board  ;  when  the  ma- 
chine is  put  in  adtion  thefe  will  be  alternately 
attradled  and  repelled  with  great  rapidity,  and 
agitated  ip  an  amazing  manner,  A  ple^fing 
variation  is  made  in  this  experiment  by  taking 
off  the  chain  from  the  lower  board,  and  noiv 

an4 
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and  then  touching  it  with  the  hand;  touch 
both  boards  at  the  fame  time  and  the  motion 
•ceafes.  But  the  mofl  furprizing  appearance  in 
this  experiment  is,  that  fometimes^  when  the 
eledlricity  is  flrong,  a  quantity  of  paper  or  bran 
will  accumulate  in  one  place,  and  form  a  kind 
of  column  between  the  boards,  it  will  fuddenly 
acquire  a  fw:^ft  horizontal  motion,  moving  like 
a  whirling  pillar  to  the  edge  of  the  boards, 
and  from  thence  fly  off,  and  be  fcattered  about 
.the  room  to  a  confiderable  diftance. 

Experiment     CLVI. 

Take  two  phials,  the  one  charged  poiitively, 
the  other  negatively,  place  them  on  the  infu- 
lated  board,  but  as  far  from  each  other  as  the 
board  will  permit .;  infert  a  range  of  candles 
in  a  piece  of  wood,  about  two  inches  dif- 
tance  from  each  other,  fo  that  the  flame  of 
each  may  be  exaftly  parallel ;  when  thefe  can- 
idles  are  quickly  introduced  between  the  knobs 
of  the  phials,  the  fpark  wall  be  feen  to  dart 
through  all  of  them,  and  will  have  the  appear- 
ance of  a  line  jDf  nre,  variegated,  in  a  thoufand 
different  curves. 


CHAP. 
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CHAP.     XL 
Of  the    EleBrophorom, 

l^'IG.  73,  reprefents  an  eleftrophorous.  This 
£  inllrument  was  invented  by  Mr,  Volta, 
of  Coma  in  Italy.*  It  coniifts  of  two  plates 
of  a  circular  form^  the  under  plate  is  of  brafs 
covered  over  with  a  flratum  of  an  eleftricai 
fubilance,  generally  of  fome  negative  eledlric, 
as  wax  J  fulphur,  he.  the  upper  plate  is  of 
brafs,  with  a  glafs  handle  fcrewed  on  the  center 
ef  its  upper  furface» 

Relinous  electrics  generally  fucceed  better 
for  an.eledtrophorous  than  thofe  made  only  of 
glafs,  not  only  as  they  are  lefs  affected  by  the 
humidity  of  the  air,  but  as  they  feem  to  have 
the  power  of  retaining  longer  the  ele<5tricity 
which  is  communipated  to  them. 

To  ufe  this  apparatus,  iirfl  excite  the  under 
plate  c,  by  rubbing  its  coated  iide  with  a  piece 
of  clean  dry  flannel,  or  hare-fkin ;  when  this 
plate  is  well  excited,  it  is  to  be  laid  on  the 
table  with  the  elcdlric   uppermoft.     Secondly, 

place 

*  Mr.  Wilck,  in  Aiiguft,  \y6z,  contrived  a  refinous  ap- 
paratus, to  which  he  gave  the  name  of  a  perpetual  eledio- 
phorous.    See  Scripta  Academis  Suec.  1762. 
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Dlace  the  metal  plate  upon  the  eleflric,  as  in  fig. 
74  and  75.  Thirdly,  touch  the  metal  plate  with 
the  finger,  or  any  other  cpndudl-or.  Fourthly, 
feparate  the  metal  plate  from,  the  elediric  by 
the  glafs  handle.  This  plate,  when  raifed  to 
fome  diflance  from  the  under  one,  will  be  fpund 
strongly  eledlrified  with  the  ]^X)wer  which  is 
contrary  to  that  of  the  cledric  plate,  and  will 
give  a  fpark  to  any  conduftor  that  is  brought 
near  it.  By  repeating  this  operation,  i.  e.  by 
fetting  the  metal  plate  on  the  eleflric,  and  then 
touching  it  with  the  finger,  a  great  number  of 
fparks  may  be  fuccellively  obtahied  without  a 
frefli  excitation  of  the  eledric. 

The  following  experiments,  which  were 
made  with  a  view  to  analyfe  this  curious  little 
inflrument,  are  extraded  from  a  paper  of  Mr. 
Achard's,  in  the  Memoirs  de  rAcademie  E.oj- 
ale-de  Berlin  for  1776. 

Experiment     CLVII. 

Mr.  Achard  placed  horizontally  a  circular 
plate  of  glafs,  which  was  about  two  tenths  of 
an  inch  in  thicknefs,  and  one  foot  in  diameter, 
on  a  tin  plate,  which  only  touched  the  glafs  in 
a  few  places  ;  having  excited  the  upper  furface 
of  the  glafs,  it  produced  all  the  effefls  of  the 
^eledrophorous ;    from  whence  he  infers^   that 

it 


172  A  N      E  S  S  A  y 

i^:  is  not  necelTary  that  the  inferior  metallic 
plate  Ihonld  touch  exa6|:ly  in  all  its  furfaee  the 
€icftrie  coating. 

Experiment      CLVIII. 

He  infulated,  in  a  hqrizontal  pofitiony  a  plate 
of  glafs  of  pne  foot  (iiameter,  he  excited  this, 
and  then  applied  the  upper  plat?  in  the  ufual 
manner,  and  obtaine4  a  fuccefJive  i;iumber  of 
v;eak  fparks ;  but  in  order  to  procure  them,  he 
was  obliged  to  let  the  finger  remain  fometim? 
on  the  upper  plate.  If,  inftead  of  infulating 
ihe  plate  of  glafs  by  glafsj  he  infulated  it  by 
wax  or  pitch,  he  conftantly  found  that  the 
fparks  were  flronger.  From  this  experiment 
he  concludes,  that  the  inferior  plate  is  not  ne- 
cefTary  to  the  production  of  the  effedts  obfe^ved 
in  this  inftrument,  and  that  when  deprived  of 
it,   retains  all  its  properties. 

Experiment      CLIX. 

Having  excited  the  upper  furface  of  an  elec- 
trophorous  of  wax,  he  placed  the  upper  plate 
on  it,  and  after  fome  time  lifted  it  off  by  its 
infulating  handle,  without  previoully  touching 
it  with  the  finger ;  it  gave  no  fpark,  and  was 
not  poffeffed  of  the  leaft  power  of  attraftion  and 

repullion  ; 
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repulfion ;  which  proves,  that  the  eleftropho-^ 
rous  cannot  render  the  upper  plate  eleftric, 
unlefs  it  is  touched  by  a  body  which  is  ca- 
pable of  giving  or  taking  ele£lricity  from  it« 

i       Experiment     CLX. 

Fl^e  the  upper  plate  on  an  excited  electro- 
pht?rous,  bring  a  finger  near  the  upper  plate^j* 
and  a  fpark  will  pafs  between  them.  Noit  si 
the  eled:ric  fluid  never  appears  as  a  fpark,  ex- 
cept when  it  pafles  with  rapidity  from, one  body 
to  another,  a»d  as  the  upper  plate  exhibits  no 
elecftric  appearance,  if  it  has  not  been  previouiQy 
touchfed  by  a  condu6lor,  we  may  conclude, 
that  the  eleftrophorous  only  renders  the  upper 
plate  eledtric  when  it  has  received  or  loft  a. 
quantity  of  eleflricity. 

"^■^.  Experiment       GLXL 

Place  one  of  the  fmall  brafs  condu6lors  with 
its  pith  balls  on  the  upper  plate,  and  then  put 
them  both  on  the  eledtrophorous,  the  balls  will 
immediately  feparate  a  little  ;  touch  the  upper 
plate  with  the  finger  and  the  divergence  ccalcs  ; 
but  on  lifting  this  plate  from  the  elc<51:ropho- 
rous  by  its  glafs  handle  the  balls  diverge  with 
great  force,  forming  a  very  large  angle  ;   on 

taking 
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taking  a  fpark  from  the  plate  they  immediate!}^ 
clofe.  The  feparation  of  the  balls  fhews  clearly 
that  the  upper  plate  either  abforbs  a  quantity 
of  elediricity,  or  imparts  a  portion  of  its  natural 
fhare  ta  the  under  one  ;  it  alfo  fhews^  that  the 
former,  as  foon  as  it  is  laid  onthe  eleflrophorous^ 
acquires  a  fmall  degree  of  electricity,  which  it 
lofes  on  being  toiiched  with  the  finger  ;  but  it 
again  becomes  ele£lrical  when  it  is  feparated 
from  the  eledrophorous. 


Experiment       CLXII. 

Xnfulate  an  eletflrophorous,  and  fufpend  a 
pith  ball  by  a  linen  thread,  in  fuch  manner" 
that  it  may  be  about  one  quarter  of  an  inch 
from  a  piece  of  metal  which  is  connecSled  with 
the  bottom  plate  ;  the  ball  does  not  move  whdix 
the  upper  plate  is  laid  on  the  eleftrophorous, 
but  when  this  is  touched  by  the  finger  the  ball 
is  attra6ted.  As  foon  as  the  upper  plate  is  ta- 
ken off,  the  inferior  metallic  coating  attrafls 
the  ball,  but  quits  it  if  the  coating  is  touched 
by  the  finger.  It  is  alfo  attrafted  if  the  upper 
plate  is  put  on  before  the  fpark  has  been  taken 
from  it,  though  it  lafis  longer  and  is  ftrbnger 
if  the  fpark  is  taken  before  it  is  placed  on  the 
eledrophorous. 

Ex- 
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Experiment      CLXIII. 

Eledrify  the  under  iide  of  the  eleftropho-* 
rous,  by  conne<5ling  the  under  plate  with  the 
condu(5bor  of  a  machine  ;  the  upper  plate  will 
give  flrong  fparks  to  the  hand,  or  any  other 
non-eledric.  Touch  the  upper  plate  with  one 
hand,  and  the  under  one  with  the  other,  ■& 
Ihock  will  be  received.  The  fame  efFeel  is 
produced  if  the  upper  plate  is  eledlrined  by  the 
machine.       See  fig.  74^ 

Experiment      CLXIV. 

Infulate  an  eleclropliorous  which  is  not  ex- 
cited, and  place  the  upper  plate  upon  it,  then 
eledlrify  the  under  plate  by  a  chain  from  the 
prime  condu6lor,  take  a  fpark  from  the  chain, 
and  the  ele<5trophorous  acquires  all  the  pro- 
perties which  are  given  to  it  by  exciting  the 
upper  furface. 

Experiment       CLXV. 

Conne(5l  the  upper  plate  by  a  chain  with  the 
prime  conductor,  and  ele<5lrify  it,  then  take  a 
fpark  from  the  chain,  and  the  eledrophorous 
will  acquire  as  before  the  fame  powers  which 
it  gains  when  the  upper  furface  is  rubbed. 

Ex- 
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I         Experiment      CLXVI. 

The  fame  efieft  is  produced  by  placing  2^ 
Leyd£n  phial  on  the  nppef  pkte  of  an  unexcited 
ele(5lrophofous,  then  charging  and  difcharging 
it  on  the  plate. 

From  the  three  laft  experiments  we  learn, 
that  the  eledlrophorous  may  be  put  in  adliorf 
fey  communication  as  well  as  by  fridion. 

Experiment     CLXYII. 

Mr»  Achard  placed  the  upper  plate  on  an  exci- 
ted eledlrophorous,  and  a  cube  of  metal,  furnilh- 
ed  with  a  glafsr  handle,  on' this  plate  ;  011  taking 
the  eube  by  its  handle  from  the  upper  platcy 
without  previously  touching  it,  it  attrad:ed  a 
light  ball.  On  repeating  this  experiment,  and 
touching  the  upper  plate  before  the  cube  was 
taken  off,  it  did  not  appear  in  the  leaft  elec- 
trical. 

Experiment      CLXVIll 

By  examininig  the  eleidtrophorous  with  fmail 
pith  balls  we  find, 

li  That  as  foon  as  the  upper  plate  Is  placed 
on  an  eledlrophorous  of  wax  it  acquires  a  weak 
politive  electricity  ;  and  the  contrary,  if  placed 
on  an  eledrophoroiis  of  glafs. 

2.  That 
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2:  That  when  the  upper  piate  is  touched  by 
the  finger  it  lofes  all  its  electricity. 

^.  When  the  upper  plate  is  touched  by  the 
finger  and  removed  from  the  ele^lrophorous,  k 
acquires  a  ftrong  negative,  eledtricity,  if  the 
elettrophorous  is  of  glafs,  and  a  politive  elec- 
tricity if  it  is  of  wax. 

The  ele<5lrophorous  may  be  conlidered  as 
farmed  of  feveral  hotizontal  Itrata  ;  fo  that 
when  the  Upper  one  is  excited,  either  by  fric- 
tion or  communication^  it  is  infulated  by  the 
inferior  ftrata  :  now  all  infulated  ekdirics  pre- 
ferve  their  ele(ftricity  a  confiderable  time^  and 
it  is  from  that  caufe  that  the  eledtricity  of  the 
elecflrophorous  continues  fo  long. 

Infulated  and  excited  glafs  induces  the  nega- 
tive ek^tricity  on  bodies  brought  within  the 
fphere  of  its  aiflion,  while  negative  eledlrics, 
in  fimilar  circumflances,  produce  the  pofitivc 
cle6lricity.  Therefore  the  furface  of  th,e  elec- 
trophorous  ought  to  communicate  immediately 
a  pofitive  clcdlricity  if  it  is  of  wax,  the  nega- 
tive if  it  is  made  of  glafs,  which  is  perfedly 
conformable  to  experiments.  But  when  the 
upper  plate  is  touched  by  the  finger^  the  upper 
furface  of  the  eledirophorous'  ceafcs  to  be  infu- 
lated, and  gives  the  negative  eledtricity  to  the 
upper  plate,  if  it  is  of  glafs,  and  the  contrary 
N  if 
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if  of  wax,  agreeable  to  the  different  experiments 
which  are  defcribed  in  Chap^  IV* 

Elediric  bodies  do  not  put  the  fluid  in  that 
degree  of  motion  which  is  neceffary  to'  produce 
the  fpark,  or  exhibit  the  phosnomena  of  at- 
tradion  and  repulfion^  while  they  are  in  con- 
ta6t  with  conducing  fubftances,  which  is  the 
reafon  why  the  upper  plate  exhibits  no  figns  of 
electricity  while  it  remains  in  contafb  with  the 
under  one,  though  they  become  fenfible  the 
inltant  it  is  removed  from  it. 

As  the  theory  of  this  infirumeht  has  been 
deemed  very  intricate,  1  have  fubjoined  another 
explanation  of  it,  which  is  given  by  the  editors 
of  the  Monthly  Review^  * 

*'  Therefore,  (in  the  cafe  of  a  glafs  eledro-^ 
phorous)  as  it  is  a  cafe  which  admits  of  a  fome* 
what  eafier  illuftration,  the  excited  plate  ads 
upon  the  eled:ric  matter  naturally  contained  in 
the  upper  brafs  plate,  fo  as  to  repel  a  part  of  ita 
natural  quantity  from  it  in  form  of  a  fpark,  at 
that  part  where  the  finger  is  applied  to  it.  If 
the  brafs  plate  in  this  Hate  is  lifted  up  by  itst 
handle,  it  will  receive  a  fpark  from  the  finger** 
On  being  replaced,  and  the  fame  operation  ta- 
king place,  the  fame  refult  will  be  obtained ; 
which  may  be  continued  for  a  great  length  of 
time,  without  diminifliing  the  virtue  of  the 
excited  electric,  which  in  fad:  does  not  part 

with 
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•with  any  of  its  own  elecfbricity,,  but  only  repels 
k  part  of  what  is  in  the  upper  plate,  which  is 
repeatedly  reflored  to  it  from  the  earth  by  the 
perfon  who  makes  the  experiment." 

ExPfiRIMENt      CLXIX. 

Place  a  piece  of  metal  orf  an  excited  eleflro- 
phorous^  it  may  be  of  any  fhape  ;  a  pair  of  tri- 
angular compafTes  are  very  convenient  for  this 
purpofe.  EIe(ftrify  tfle  piece  of  metal  with  the 
power  which  is  contrary  to  that  of  the  eleftro- 
phordus,  and  then  remove  it  bj^  means  of  Ibme 
elcdric^  and  afterwards  fift  upon  the  eledtropho» 
rous  fdme  finely  powdered  refin,  which  will 
form  on  its  furface  curious  radiated  figures. 
When  the  plate  is  negative,  aind  the  piece  of  me- 
tal politive,  the  powder  form's  itfelf  principally 
about  thofe  parts  where  the  metal  was  placed  ; 
but  if  the  plate  is  p'ofitive,  and  the  fpark  is  ne- 
gative, the  part  ivhere  the  metal  touched  will 
be  free  from  powder,  and  the  other  parts  more 
covered. 

Experiment     CLXX. 

Infulate  a  metal  quart  itiug,    and   flifpcnd  ai' 
pair  Oi  fmall  pith  balls  by  lilk,  fo  that  the  whole 
of  the  electrometer  may   be  within  the  mug, 
N  2  elec- 
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eledtrify  the  mug,  and  the  eledrometer  will  riot 
be  in  the  leaft  affe<3:ed.  The  fimilar  atmo^ 
fpheres  couiiteracfl  each  other  ;  and  as  no  con- 
trary power  can  take  place  in  the  electrometer, 
it  will  remain  uneleftrificd.  Touch  the  mug 
with  fome  conducing  fubftance,  and  it  will 
immediately  attradl  the  balls. 

Experiment      CLXXf . 

Sufpend  a  fmall  cylinder  of  gilt  paper  by  tin- 
foilj  and  then  touch  the  electrified  and  infulated 
mug  with  it,  a  fpark  will  pafs  between  them, 
and  the  elediricity  will  be  diffufed  in  each  in 
proportion  to  their  capacity.  Now  plunge  the 
infulated  cylinder  to  the  bottom  of  the  mug, 
and  it  will  rellore  to  it  the  eletftricity  it  had  re- 
ceived, and  does  not  give  the  leaft  fign  of  elec- 
tricity when  taken  out. 

Experiment      CLXXIL 

Conned  a  pair  of  pith  balls  with  an  infulated 
metal  veflcl,  in  w^hich  a  metal  chain  is  placed, 
raife  the  chain  by  rneans  of  a  filk  thread,  and 
the  divergence  of  the  balls  w^ill  diminlfli  in  pro- 
portion as  the  chain  is  raifed  and  difplayed; 
iliewingj  that  the  electricity  is  rarified,  and  its 
deniity  is  diminifhedj  in  proportion  as  it  fpreads 

jtfclf 
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kfelf  from  the  furface  of  the  veffel  on  the  ex- 
tended chain  i  which  is  confirmed  by  the  balls 
diverging  again  when  the  chain  is  let  down 
into  the  veflel.  This  experiment  affords  an 
■eafy  folution  for  many  of  the  phcenomena  of  at- 
mofpheric  electricity,  as  why  the  vapour  of 
eledrified  water  gives  fuch  fmali  figns  of  elec- 
tricity, and  why  the  eleftricity  of  a  cloud  is  in- 
ereafed  by  being  compreffed  or  condenfed. 

Experiment     CLXXIIL 

Excite  a  flip  of  white  flannel  pr  a  filk  ribbon, 
apd  take  as  many  fparks  from  it;  as  it  will  give, 
then  double  or  roll  it  up,  and  the  conti;adted 
flannel  will  be  flrongly  eledtrical,  give  fparks, 
ap.d  ^hxoyf  .out  bruihes  pf  light. 


Of  the   advantages    which   may   be  derhed 
from  an  imperfeSl  Infulation,    and  of  ren- 
dering ver^  fenjtbk  very  Jmall  degrees  of 
natural  and  artificial  Ek^ricify,  by  Mr, 
Volta. 

A  conduc|:or,  properly  conflrudied  for  making 

obfervations  on  atmofpherlcal  eleClricity,  will 

feldpm  affeft  the  moft  fenfible  eledtrometer  when 

the  fky  is  free  from  eleftrical  clouds  i  but  by  means 

N  3  of  . 
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of  the  apparatus  now  to  be  defcribed  it  wiif 
appear,  that  thefe  conduftors  are  always  elec- 
trical, and  confequently  the  air  which  furrounds 
them  mufl  be  at  all  times  eledriiied.  This  me- 
thod not  only  determines  the  exiflence,  but  alfo 
the  quality  of  the  eledricity,  whether  pofitive 
or  negative,  and  that,  even  when  the  condudor 
will  not  attradl  the  fineft  thread  ;  but  if  a  very 
fmall  attradiion  is  vifible  in  the  conduftor,  theij 
the  apparatus  will  give  long  fparks. 

The  eledtrophorous  ufed  for  this  purpofe  may 
with  propriety  be  termed  a  micro-eledrometer, 
or  condenfer  of  eledricity. 

Whenever  the  atmofpherical  conduclor  gives 
Efficient  iigns  -of  eledricity,  then  the  conden- 
sing apparatus  becomes  ufelefs.  For  when  the 
eledtricity  is  flrong,  ,h  often  happens  that  part 
pf  the  cledricity  of  the  metal  plate  is  impreffed 
upon  the  -Other,  in  which  cafe  the  apparatus 
ads  as  an  eledlrophorous,    and  becomes  unfit 

for  our  purpofco 

The  apparatus  adapted  for  this  purpofe  con- 

lifts  <of  the  upper  plate  of  an  eledtrophorous, 
and  a  femi-ele£tric,  or  an  imperfed;  conducling 
plane,  which  will  only  hinder  in  a  certain  de- 
gree the  paffage  of  the  iluid.  Many  conduc- 
tors of  this  kind  may  be  formed  ;  fuch  as 
a  clean  dry  marble  flab,  a  plate  of  wood,  co- 
vered with  a  coat  of  varnifli,  &c.  The  furface 
of  thpfe  bodies  not  contracting  eledricity,  or 

if 
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if  any  fhouid  adhere  to  them  it  foon  vanifhes, 
on  account  of  their  femi-condu6ling  nature; 
fof  which  reafon  they  cannot  anfwer  the  end  of 
an  eleftrophorous,  but  are  fit  to  be  ufed  as 
pondenfers  of  ele<5tricity,  " 

Care  fliQuld  be  taken  hqwever  in  chooiing 
this  plane,  that  it  be  ppt  of  too  free  a  conduct- 
ing nature,  nor  likely  to  become  fo  by  ufe,  it 
being  abfolutely  neqeflary  that  the  eleflricity 
fhouid  find  a  eonfiderable  refinance  in  pervading 
its  furface.  In  preparing  fuch  a  plane,  by  dry- 
ing, or  otherwife,  it  is  much  better  to  come 
too  near  than  too  far  frpm  a  non- conductor. 
A  marble  flab  or  board,  properly  dried,  an- 
fwers  well,  and  is  preferable  to  any  other 
plane;  qtherwife  the  plate  of  the  ele(^ropho- 
rous  is  preferable  to  all  bodies  unprepared. 

The  worfl:  fqrt  of  marble,  if  coated  with  co- 
pal, amber,  or  lac-varnifh,  ^nd  then  kept  in 
an  oven  for  a  Ihort  time,  will  anfwer  very  well, 
even  without  previpufly  warming  for  the  expe- 
riment, 

ThiSj,  in  fa6l,  it  may  be  faid,  is  returning 
tQ  the  eledrophorous ;  as  marble,  wood,  &c. 
varnifhed,  if  they  are  hot,  may  be  excited  by 
a  very  flight  friflion,  and  fometimes  by  only 
laying  the  metal  plate  on^  them ;  to  prevent 
which,  they  fhouid  be  ufed  without  warming. 
N  4  The 
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The  advantages  plates  of  this  kind  have  over 
the  common  eledrophorous  are,  i.  That  th-c 
varnifh  is  always  thinner  than  the  common 
refinous  ftratum  of  an  ele(5lrophorous  ;  and, 
2.  That  the  varnifli  acquires  a  fmoother  and 
■  plainer  furface  :  hence  the  metal  plate  can  with 
more  advantage  be  adapted  to  it. 

Any  fort  of  plane,  covered  with  dry  and 
clean  oil-cloth,  or  oiled-lilk,  or  fattin,  and  any 
other  fiik  iiuff  that  is  not  very  thick,  may  be 
ufed  with  equal  advantage,  if  it  is  ilightly 
v>7armed.  Silk  fluffs  anfwer  better  for  this 
purpofe  than  thofe  made  of  cotton  or  wool,  and 
both  better  than  linen.  Paper,  leather,  wood, 
ivory,  bone,  and  every  other  fort  of  imperfect 
conductors,  may  be  made  to  anfwer  to  a  certain 
degree,  if  they  are  previoully  dried,  and  kept 
hot  during  the  experiment. 

This  apparatus  is  rendered  more  fimple  by 
applying  the  filk,  &c.  to  the  upper  plate 
of  metal,  which  is  fixed  to  the  glafs  handle, 
inftead  of  the  marble  or  other  plate,  which 
now  becomes  ufelefs ;  for  in  its  ilead,  a  plane  of 
any  kind  may  be  ufed,  as  a  common  wooden 
or  marble  table,  even  not  very  dry  ;  a  piece  of 
metal,  a  book,  or  any  other  conduflor,  with  a 
flat  furface. 

Nothing  more  is  requifite  in  th.efe  experi- 
ments, than  that  the  ^ledricity,  which  tends 

to 
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tQ  pafs  from  one  furface  to  the  other,  fhould 
meet  with  fome  refiftance  or  oppofition  in  one 
of  -the  Surfaces,  as  will  be  evident  in  the  fecond 
part. 

It  is  immaterial  whether  the  non-condudling 
or  femi-condu(fting  ftratum  be  laid  upon  one 
or  the  other  of  thofe  planes  ;  all  that  is  necefTary 
is,  that  they  lliould  coincide  together,  which 
rfeiiders  it  proper  to  ufe  two  planes  that  have 
been  ground  together,  and  one  of  them  var^ 
Mflied.o  A  fmgl-3  raetal  plate,  covered  with 
filk,  with  three  fiik  ftrings  faftened  to  it  by 
way  of  handle,  may  be  conveniently  ufed  for 
ordinary  experiments. 

To  ufe  the  apparatus,  the  upper  metal  plate 
muft  be  placed  upon  the  unele6lrified  plate, 
and  in  perfeft  contacfl  with  it. 

The  plates  being  thus  placed,  let  a  w^ire, 
Gom-municating  with  the  condudor,  be  brought 
to  touch  the  metal  plate  of  the  eleflrophorous, 
and  that  only. 

The  apparatus  being  left  in  that  fituation  a 
certain  time,  will  acquire  a  fufiicient  quantity 
of  ele£tricity,  though:  but  very  flowly. 

Remove  the  communicating  wire  from  the 
tnetal  plate,  and,  by  means  of  its  infuiated 
handle,  feparate  it  from  the  under  one ;  it  will 
now  attraft  a  thread,  eleftrify  an  eledrometer, 
^nd,    if   it   is    ftrong,  will   give  fparjcs.,    &c. 

though 
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though  the  atmofpherical  condu<3;or  Ihewcd  no^^ 
or  oaly  fmall  figns  of  it. 

Ir  is  not  eafy  to  determine  the  cxa^l  time 
neceffary  far  this  apparatus  to  remain  in  con-* 
ta<?fc  with  the  conduffbor,  33  it  will  depend  on 
many  eircumflances  ;  for^  if  there  are  no  figns 
o-f  eledricity  in  the  cpnduflor^  it  will  require 
eight  or  ten  minutes,  but  if  it  attracts  a  fine: 
thready  as  many  feconds  will  be  found  fuffi- 
cient* 

It  is  difficult  alfo  to  determine  the  preeifc 
CiCgree  to  which  the  eledlricity  may  be  con- 
denfed,  or  how  much  the  ele(5trieal  phc^no- 
mena  may  be  increafed  by  th  is  apparatus,  as  it 
depends  on  various  eircumftances»  The  aug- 
mentation isj  however,  greater  in  proportion 
as  the  body  which  fupplies  the  metal  plate  has 
a  greater  capacity,  and  is  larger  in  proportion 
as  the  electricity  is  weaker.  Thus,  thougl^ 
the  atmofpherical  conduftor  has  fcarcely  powef 
fufficient  to  attraft  a  Ijne  thread,  it  is  neverthe- 
lefs  capable  qf  giving  fuch  a  quantity  of  elec- 
tricity to  the  metal  plate  of  the  eledrophorous, 
as  not  only  to  aftuate  an  eledlrometer,  but 
even  dart  Urong  fparks.  But  if  the  eleflricity  of 
the  atmofpherical  conductor  is  ftrong  enough 
to  afford  fparks,  or  to  raife  the  index  of  the 
eledrometer  to  5  or  6  degrees,  then  the  re- 
ceiving plate  of  the  eieflrophorous,  according 

to 
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tp  this  method,  will  raife  its  index  to  the  high- 
,ell  degree,  and  give  a  ilronger  fpark  ;  yet  it 
may  be  plainly  perceived,  that  the  condenfation 
is  proportionably  lefs  m  this  than  in  the  other 
cafe  ;  for  this  reafon  the  eledricity  cannot  b« 
accumulated  beyond  the  greateit  degree  ;  that 
is  to  fay,  when  it  is  increafed  fo  much  as  to  be 
tliflipated  every  way*  Therefore,  as  the  elec« 
trie  power,  which  fupplies  the  condenfer,  is 
nearefl  to  the  higheft  degree,  the  condenfation 
IS  proportionably  lefs  ;  but  in  this  cafe  the  con- 
denfer is  ufelefs;  its  principal  ufe  being  to 
colled:  and  render  feniible  that  fmail  quantity  of 
eledricity  which  would  other  wife  remain  im- 
perceptible and  miobferved. 

Hitherto  we  have  adapted  our  condenfer  to 
the  detefling  weak  atmofpherical  eled:ricity, 
as  brought  Aq'^nw  by  the  condudor  ;  but  this, 
though'  t]ie  principal,  is  not  the  only  ufe  to 
Vtrhich  it  may  be  a|>plicd.  It  will  likewife  dif- 
cpver  artificial  ekdlricity,  when  it  is  fo  weak -as 
not  to  be  difcQvera^le  by  any  other  means. 

A  Leyden  phial  charged,  and  then  difchar- 
ged  by  touching  its  coated  fides  with  the  dif- 
charging  rod  or  trhe  hand,  appears  to  be  quite 
deprived  of  its  elediricity  ^  yet,  if  you  touch 
the  knob  of  it  v/ith  the  metal  plate  of  the  con- 
denfer, (fituated  upon  an  imperfcfl  condudting 
plane)  and  imraediatejy  take  up  ,the  plate,  it 

will 
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will  be  found  to  give  very  confpicuous  Cigns  of 
eledricity.  But,  if  juft  fufficient  charge  is  left 
in  the  phial  to  attradl  a  fine  thread,  and  the  mef 
tal  plate  is  then  brought  to  touch  the  knob  for 
a  moment,  it  will,  when  lifted  up,  give  a 
ilrong  fpark,  and  if  touched  again,  a  fecond 
fearce  fmaller  than  the  former ;  and  thus,  fpark 
after  fpark  may  be  obtained  for  a  long  time. 

This  method  of  producing  fparks,  by  means 
of  a  phial  which  is  not  charged  fo  high  as  to 
give  fparks  of  itfelf,  is  very  convenient  for 
various  pleafing  experiments ;  as  to  fire  or  light 
the  inflammable  air-piftol,  or  lamp  ;  efpecially 
when  a  per  fen  is  provided  with  one  of  thofe 
phials  contrived  by  Mr.  Cavallo,  which,  when 
charged,  may  be  carried  in  the  pocket  a  long 
time^  Thefe  phials,  as  they  retain  a  fenlible 
charge  for  feveral  days,  will  retain  an  infenfibl'e 
one  for  weeks  and  months  ;  or,  fuch  a  one  as 
cannot  eafiiy  be  difcovered  without  the  con- 
denfer,  in  which  cafe  it  becomes  more  than 
fenlible,  and  fufficient  for  the  experiments  of- 
the  inflammable  air-piftol,  &c. 

Secondly.  If  you  have  an  eledtrical  ma- 
chine fo  far  out  of  order  that  its  condud:or 
wall  nor  give  a  fpark,  nor  attradt  a  thread, 
then  let  this  conductor  touch  the  metal  plate 
of  the  condenfcr,  and  continue  in  that  fituation 
a  few  minutes,  (the  machine  being  flill  in  mo-*- 

tion) 
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ti<»n)  lift  np  the  metal  plate^  and  you  will  obtaia 
from  it  a  itrong  fpark. 

Thirdly.  It  the  elecSlncal  machine  a£ls  w«ell, 
but  the  conduflor  is  fo  badly  infulated  that  it 
will  not  give  a  fpark,  either  from  it«  being  CGra- 
ne6led  with  the  walls  of  the  room,  or  by  having 
a  chain  from  it  to  the  table,  let  the  conduiter 
in  this  ftate  touch  the  metal  plate  of  th-e  con- 
denfer  while  the  machine  is  in  aftion,  the 
plate  will  afterwards  give  fufficient  itrong  figiis 
of  eleclridty ;  which  proves  the  great  power 
this  apparatus  has  of  drawing  and  condcnfing 
the  eiecftricit}". 

Fourthly.  Where  the  eleclrometers  arc  not 
fufiiciently  fenlible  to  difcover  the  quantities 
of  excited  electricitv,  thofe  quantities  m:ij 
be  readily  explored  by  the  conderifer.  For  thii 
purpofcj  rub  thofe  bodies  with  the  metal  plate 
of  the  condenfer,  which  for  this  purnoie  niuli 
be  naked,  and  if  the  plate  be  then  prefented  to 
an  eiedirometer,  it  will  be  found  confiderably 
eledrified^  although  the  body  rubbed  may  have 
acquired  little  or  no  eleclricity^  The  quality, 
whether  politive  or  negative,  may  be  eafily  af- 
certained,  iince  the  eledricity  of  the  m,etal 
plate  muft  be  the  contrary  of  that  body  on 
which  it  was  rubbed.  Mr.  Cavallo  made  ufe 
of  this  method  to  difcover  the  ckdricity  of 
many  bodies.     But  a  Itili  better  method  may 

be 
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he  iifed  in  cafe  the  bodies  to  be  examined  can- 
not eallly  be  adapted  to  the  meta!  plate,  viz. 
The  metal  plate  being  laid  on  the  imperfedl 
conduding  plane;  the  body  to  be  tried  is^ 
tubbed  agaiftfi:,'  or  repeatedly  flroaked  upon  it, 
which  done,"  the  plate  is  taken  up  and  exa- 
mined by  an  ele^lrometer.'  If  the  bady  tried  is 
leather,  a  ftfing,  cloth,  velvet,  or  other  im- 
perfed  condud:or  of  the  like  fort,  the  plate 
will  certainly  be  found  elecfifified,-  and  incom- 
parably more  by  this  means  than  if  it  were 
ilroaked  by  the  fame  bodies,'  whilll  landing 
infulated  in  the  ain  In  Iho'rt,  by  either  of 
thofe  methods  you  will  obtain  eledlrieity  from' 
bodies  which  could  hardly  be  expected  to  give 
any,  even  when  they  are  not  very  dryo  Indeed, 
coals  and  metals  excepted,  every  other  body 
will  afford  fome  eleftricity,  Ele<5lricity  may 
6ften  be  obtained  by  flroaking  the  plate  with 
the  naked  hand. 

The  metal  plate  has  a  much  greater  power 
to  retain  electricity  when  it  lies  upon  a  proper 
plane,  as  mentioned  in  the  foregoing  experi' 
ments,  than  when  quite  infulated» 

It  is  eafy  to  comprehend,  that  where  the  ca- 
pacity of  holding  electricity  is  greatcil,  there 
the  intenfity  of  the  electricity  is  proportion  ably 
lefsj  for  it  will  then  require  a  greater  quantity 
to  raife  it  to  a  given  degree  of  intenfity ;  fo  that 

th© 
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the  capacity  is  inverfely  as  the  mtenftty ;  h^ 
which  we  mean,  that  endeavour,  by  which  the 
eledricity  of  an  eledrified  body  tends  t<)  cfcape 
from  all  parts  of  it ;  to  which  tendenty  or  en- 
deavour, the  eledlrical  phoenomena  of  attradion 
and  repulfion,  and  efpecialiy  the  degree  of  ele* 
vation  of  an  ek^rometerj  correfpond» 

That  the"  intenjlty  of  eleflricity  mull  be  in* 
verfely  proportional  to  the  capacity  of  the  body 
eledlrificd  will  be  clearly  exemplilied  b}''  th-e 
foilowihg  experiment, 

EXPES  IMENT        CLXXI V, 

Take  two  metal  rods  of  equal  diameter,  ^t 
one  a  foot,  the  other  five  feet  long ;  let  th«2 
liril  be  ele(5lrified  till  the  index  of  the  eledro^* 
meter  rifes  to  60°,  then  let  it  touch  the  other 
rod  ;  and  in  that  cafe  it  is  evident,  that  the  in™ 
teniity  of  the  electricity  being  difFufed  between 
the  two  rods,  will  be  diminilhed  as  the  capacity 
is  increafed  ;  fo  that  the  index  of  the  ele<5tro- 
meter,  which  before  was  elevated  to  60°,  will 
now  fall  to  10°,  vizi  to  one  iixth  of  the  for- 
mer intenfityi  For  the  fame  reafon,  if  the  like 
quantity  of  eledtricity  was  communicated  to  a 
rod  60  feet  long,  its  intenflty  wotiid  be  dimi- 
nilhed to  one  degree;  and  on  the  contrary, 
if  the   eieftricity  of  the  long  conductor  was 

coa* 
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contraded  into  the  60^^  part  of  that  capacity'^' 
its  Intenlity  would  be  increafed  to  60. 

Condudors  of  different  bulk  have  not  only 
different  capacities  for  holding  eled:ricity,  buE 
slfo  the  capacity  of  the  fame  conductor  is  in- 
creafed and  diminifhed  in  proportion  as  its  fur- 
face  is  enlarged  and  contraded  ;  as  is  Ihewn  in 
Dr.  Franklin's  experiment  of  the  can  and  chain^ 
&c.  from  which  it  has  been  concluded,  that  the 
capacity  of  condudbrs'  is  in  proportion  to  their 
furface,  and  not  to  their  quantity  of  matter* 

This  conclufion  is  true,  but  does,  not  com- 
prehend the  whole  theory,  lince  even  the  exten- 
fion  contributes  to  iiicreafe  the  capacity.  In 
fhort,  it  appears  from  all  the  experiments'  hi- 
therto made,  that  the  capacity  of  condudors 
is  not  in  proportion  to  the  furfaces  in  general, 
but  to  the  furfaces  which  are  free,  or  uninflu- 
enced by  Similar  or  homologous  atmofpheres ; 
and  further,  that  the  capacity  of  a  condudor, 
neither  altered  in  its  form  or  furface,  is  in- 
creafed, when  inffead  of  remaining  quite  infu- 
lated,  it  is  prefented  to  another  not  infulated  ; 
and  this  increafe  is  more  confpicuous,  as  the 
furfaces  of  the  condudors  are  larger  and  ap«' 
proach  nearer  to  each  other. 

The  above-mentioned  circumflancesj  by 
which  the  natural  capacity  of  condudors  is 
greatly  augmented,  has  been   overlooked,  and 

there- 
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therefore  no  advantage  has  hitherto  been  de- 
duced from  it.  The  following  experiment 
will  Ihew  this  increafed  capacity  in  the  lim-' 
plefl  manner. 


Experiment      CLXXV. 

Take  the  metal  plate  of  an  electrophorous, 
Kold  it  by  its  handle  in  the  air,   and  eleflrify  it 
fo  high  that  the  index  of  an  eledrometer  an- 
nexed to  it  m^y  be  elevated  to  60°,  then  lower 
the  plate  by  degrees  to  a  table,   or  other  plane 
Condufling  furface,    the   index  will  gradually 
fall  from  60°  to  50°,  40^,  30°,  &Ci  and  yet 
the  quantity  of  eledricity  in  the  plate  remains 
the  fame,  except  it  is  brought  fo  near  the  table 
as  to  occafion  a  tranfmiffion  of  the  eledtricity 
from  the  former  to  the  latter  ^  at  leaft,  it  will 
remain  as  near  the  fame  as  the  dampnefs  of  the 
air,  &c  will  permit*     The  decreafe  of  intenfity 
is  owing  to  the  indreafcd  capacity  of  the  plate, 
which  is   now   not   infulated,   or  Jolitary,  but 
tonjugate,  or  communicating  with  another  con- 
dudor  :    for,    let  the   plate   be  gradually   re- 
moved from  the  table,    the  eleclrometer  will 
rife  again  to  its  former  llation,  namely,  to  60^  ; 
excepting  the  iofs  that  the  air,  &c.  may  have 
«ccafioned  during  the  experiment. 

O    •  Th9 
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The  reafon  of  this  phoenomenori  is  eafily  cfe^ 
rived  from  the  adioii  of  eleftric  atmofphereSd 
The  atmofphere  of  the  metal  platC;,  which  for 
the  prefent  I  fhall  fuppofe  ekcftrified  pofttively, 
acts  upon  the  table,  or  other  condudor,  to 
which  it  is  prefented ;  fo  that  the  eled:ric  fluid 
in  the  table,  retiring  to  the  remoter  parts  of  it, 
,becomes  mere  rare  in  thofe  parts  which  are  ex- 
pofed  to  the  metal  plate,  and  this  rarefafbion 
increafes,  the  nearer  the  eledlrified  itietal  is 
brought  to  the  table.  If  the  metal  plate  is 
€led:rified  negatively,  the  contrary  effefls  take 
place.  In  fhort,  the  parts  which  are  immerfed 
in  the  fphere  of  aflion  of  the  eleftfified  plate, 
by  contracting  a  contrary  eledtricity,  give  the 
electricity  of  the  metal  plate  an  opportunity  to 
expand  itfelf,  and  will  thus  diminifh  its  Inten- 
lity,  as  is  ihewn  by  the  depreflion  of  the 
electrometer. 

Th?  two  following  experiments  will  throw 
more  light  upon  the  reciprocal  a6tion  of  the 
ele^flric  atmofpheres. 

Ex  PERI  M^  N  T        CLXXVI. 

Elc<5trify  two  fiat  conductors,  either  botU 
po^tively  or  negatively,  then  bring  them  gradu^^ 
ally  towards  each  other,  and  It  will  appear,  by. 
two  annexed  eledrometets,  that  the  nearer  they 

approach 


ON     ELECTRICITY.     195 

approach  each  other,  the  more  their  denfities 
will  increafey  as  all  elaflic  bodies  re-ad:  in  pro- 
portion as  they  ilfe  a(fted  on;  which  Ihews, 
that  either  of  the  two  conjugate  powers  has  a 
much  lefs  capacity  to  receive  more  fluid  now 
than  when  iingly  infulated,  and  out  of  the  in-* 
fluence  of  the  other.  This  experimierit  explains, 
why  the  tenlion  of  the  eledric  atniofphere  on 
an  ele(5lrified  cortdudlor  is  greater  when  it  is 
contraded  into  a  fmaller  bulk ;  arid  allb^  why  a 
long  extended  condutftor  will  Ihew  lefs  intenfity 
than  a  more  compadh  one^  fuppofing  theif 
quantity  of  furface  arid  ele6iricity  to  be  the 
fame ;  bccaufe  the  homologous  atmofpheres  o£ 
their  parts  interfere  lefs  with  each  other  in  the 
iformer  than  in  the  latter  cafe,  and  of  courfe, 
as  their  atflidn  is  lefs,  the  re-a6libn  is  alfa 
iefs. 

Experiment      CLXXVlIi 

tleftrify  one  of  thefe  flat  conductors  pofi« 
tively,  the  other  negatively,  and  the  effefls  will 
then  be  jufl  the  reverfe  of  the  preceding ;  viz. 
the  intenfity  bf  their  electricities  will  be  dimi- 
hifhfed,  becaufe  their  capacities,  or  their  power 
and  facility  of  expanding  are  increafed  the  near- 
er the  condu(5tors  come  to  each  other* 

O  3  -^PP^>: 
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Apply  the  explanation  of  this  lall  experiment 
to  that  mentioned  before,  viz.  the  bringing  the 
cledrified  metal  plate  towards  a  conducing 
plane  which  is  not  infulated  ;  for,  as  this  plane 
acquires,  a  contrary  electricity,  it  follows,  that 
the  intenfity  of  ele(5tricity  in  the  metal  plate 
muft  be  diminilhed,  and  the  annexed  eleflrbme'i- 
tex  is  deprelied  according  as  the  capacity  of 
the  plate  is  increafed,  or  as  the  denfity  of  its 
atmofphere  is  diminifhed ;  and  confequently, 
the  plate  in  that  lituation  is  capable  of  receiving 
a  greater  quantity  of  eleftricity. 

This  will  be  rendered  ftili  clearer  by  the  fol- 
lowing experiment. 

Experiment      CLXXVHL 

Infulate  the  conduding  plane  whilfl  the 
other  eieftrified  plate  is  upon  it,  and  after- 
wards feparating  thenij  both  the  metal  plate 
and  conduffling  plane,  which  may  be  called  the 
inferior  plane,  will  be  found  eleftrilied,  but 
pofTeffed  of  contrary  eiediricitieSj  as  may  be 
afcertained  by  eledrometers, 
■  If  the  inferior  plane  is  infulated  Hrft,  and 
then  the  eiedrified  plate  is  brought  oyer  it, 
tlien  the  latter  will  caufe  an  endeavour  in  the 
former  to  acquire  a  contrary  eleClricity,  whici> 
2h^  iniiilation  prevents  from  taking  place  j  hence 

the 
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the  ihCeitfity  pf  the  eledirvcity  of  the.  plate  is  not 
iliminiiked,  at  leaft,  the  clcdrometes'  will  fliew 
a  very  little,  and  almoil  -imperceptible  deprel- 
fion,  which  fmall  depreffion  is  owing  to  the 
iin}'>erfe6:ion  of  the  infulation  of  the  inferior 
plane,  and  to  the  fmall  yarefaftion  aadcondcn- 
fation  of  the  eledric  fluid  which  maji^  take  place 
in  different  parts  of  the  faid  inferior  plane. 
But  if,  in  this  fituation,  the  inferior  plane  be 
touched  fa  as  to  cut  off  the  infulation  for  a  mo- 
ment^ then  it  will  acquire  the  contrary  elec- 
tricity,- and  the  intenfity  in  the  metal  plate  wdll 
be  diminiihed. 

If  the  inferior  plate,  inllead  of  being  infij- 
lated,  were  itfelf  a  -nqn-conduding  fubftance, 
^hen  the  fame  phcenomeria  w^ould  happen,  viz. 
the  intenfity  of  the  ele(3;rified  metal  plate  laid 
upon  it,  wQuld  nqtbe  diminiihed.     This,  how- 
ever, is  p.At.always;.the-;cafe,  for  if  the  faid  in- 
ferior. ji<>n^cQndui5ling  plane   is  very  thin,  and 
is  laid  upon  a  condudor,  then  the  mtenfity  of 
the  eie(5lrified  metal  plate  will  be  diminillied, 
^^nd.its  capacity ^wdll  be  increafed  by  being  laid 
upon    the     thin     infulating     Itratum  ;    as    in 
that   cafe,     the   conducing   fublfance,    which 
itands  under  tl>e  ^pn-conduding  llratum,  ac- 
qpiri<r?g  ai,i  ^ledricity  contrary  to  that  of  the 
metal    plate,    will   diminiih  its  intenfity,    &c. 
and  then  the  infulating  ilratum  will  only  dimi- 
O  3  niili 
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nifli  the  mutual  a&lon  of  the  two  atmofphcre^ 
more  or  lefs,  according  as  it  keeps  them  at[ 
greater  or  fmaller  diftances  from  each  other. 

The  intenlity  or  eleftric  atflion  of  the  metal 
plate,  which  diminilhes  gradually  as  it  is 
brought  nearer  and  nearer  to  a  Gonduding 
plane  not  infuiated,  becomes  almoft  nothing 
when  the  plate  is  nearly  in  contaft  with  the 
plane,  the  compenfation  or  natural  balance 
being  nearly  perfect.  Hence,  if  the  inferior 
pjane  only  oppofes  a  fmall  refjjtlance  to  the  paf- 
fage  of  the  eledricity,  (whether  fuch  refiflance 
is  occaiioned  by  a  thin  elediric  ftratum,,  or  by 
the  plane's  imperfedt  cOndufling  nature,  as  is 
the  cafe  with  dry  wood,  marble,  &c)  that  re- 
^flance,  joined  to  the  interval,  however  fmall, 
that  is  bc^tween  the  two  plates,  cannot  be  over- 
come by  the  weak  intenfity  of  the  e^eflricity  of 
the  metal  plate,  which  on  that  account  will 
not  dart  any  fpark  to  the  inferior  plane,  (ex? 
cept  its  ele<5i:ricity  were  very  powerful,  or  its 
edges  not  well  rounded)  and  will  rather  retain 
Its  eledlricity  ;  fo  that  being  removed  from  the 
inferior  plane,  its  eledrometer  will  nearly  re? 
poyer  its  former  height,  Beiides,  the  eled:ri- 
fied  plate  may  even  come  to  touch  the  imper- 
feftly  conducing  plane,  and  may  remain  in 
that  fituation  for  fome  time  ;  in  which  cafe, 
the  ijitenfity  being  reduced  almoft  to  nothing, 

the 
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liie  eledlricity  will  accordingly  pafs  but  flowly 
to  the  inferior. plane.  But  the  caie  is  different, 
if,  in  performing  this  experiment,  the  eledrir 
lied  metal  plate  touches  the  inferior  plane  edg- 
wife,  for  then  its  intenfity  being  greater  than 
when  it  is  laid  flat,  as  appears  by  the  eledtrome- 
ter,  the  ele<5lricity  eafily  overcomes  the  fmall 
r^liftances,  and  pafTes  to  the  inferior  plane, 
even  acrofs  a  thin  Itratum,  becaufe  the  eledtri-^ 
city  of  one  plane  is  balanced  by  that  of  the 
other,  only  in  proportion  to  the  quantity  oi^ 
furface  which  they  oppofe  to  each  other  within 
a  given  diilance ;  fo  that  when  the  metal  plate 
touches  the  other  plane  in  flat  and  ample  con- 
ta<3:,  its  eled:ricity  is  not  diflipated.  This  ap- 
parent paradox  is  clearly  explained  by  the  theo^ 
ry  of  eleAric  atmpfpheres. 

'Tis  ftill  more  like  a  paradox,  that  neither 
touching  the  metal  plate  with  a  finger  or  piece 
of  metal  will  deprive  it  of  all  its  eledlricity, 
while  Handing  upon  the  proper  plane  ;  fo  that 
it  generally  leaves  it  fo  far  eledrified,  that 
when  feparated  from  the  plane  it  will  give  a 
fpark.  Indeed,  this  phcenomenon  could  not 
be  explained  on  the  fuppoiition,  that  the  linger 
or  metals  were  perfedt  conductors.  But,  lince 
we  do  not  know  of  any  perfect  conductor,  the 
metal  pr  finger  oppofe  a  fufficient  refiflance  to 
|:etard  the  immediate  diffipation  of  the  ele-flr^ 
O  4  city 
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city  of  the  plate,  which  is  in  that  cafe  acfluated 
by  a  very  fmall  degree  of  intenfity,  or  power 
of  expaniion  ;  fo  that,  fuppofe  for  inftance, 
the  piece  of  metal  or  finger  touching  the  plate, 
took  off  fo  much  of  its  ele<ftricity  as  to  reduce 
the  intenlity  of  the  remainder  to  the  50th  part 
of  a  degree ,  this  remaining  eleftricity  Vv^ould 
be  then  nothing ;  but  when  the  plate,  by  being 
feparated  from  the  inferior  plane,  has  its  capa- 
city fo  far  diminifhed  as  to  render  the  intenfity 
of  its  elecftricity  100  times  greater,  then  the 
intenlity  of  that  remaining  eleftricity  would  be- 
come of  two  degrees  or  more ;  viz.  fuiiicient 
to  afford  a  fpark. 

Having  confidered  in  what  manner  the  acftion 
of  eledric  atmofpheres  modifies  the  electricity 
of  the  metal  plate  in  it-s  various  fituations,  we 
Jhall  now  confider  the  effects  which,  take  place 
when  the  eledrieity  is  communicated  to  the 
metal  plate,  whilft  Handing  upon  a  metal 
plane.  As  the  w^hole  bullnefs  has  been- proved 
in  the  preceding  pages,  it  is  eafy  to  deduce 
the  applications  from  it  ;  neverthelefs,  it  will 
fee  ufeful  to  exemplify  it  by  an  experiment. 

Experiment     CLXXIXo 

Suppofe  a  Leyden  phial  or  a  conductor,  fo 
weakly  ekftrilied  that  its  intenlity  is  on  half  a 

degree. 
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degree,  or  even  lefs  :  if  the  metal  plate  of  the 
condenfer,  when  ftanding  upon  its  proper 
plane,  was  to  be  touched  with  that  phial  or 
'conduftor,  it  is  evident,  that  either  of  them 
would  impart  to  it  a  quantity  of  its  eledricity, 
proportional  to  the  plate's  capacity,  viz.  fo 
much  as  Ihould  make  the  inteiifity  of  the  elec- 
tricity of  the  plate  equal  to  that  of  the  eleflri- 
city  in  the  condud:or  or  phial,  viz.  half  a  de- 
gree ;  but  the  plate's  capacity^  now  it  lies 
upon  a  proper  plane,  is  above  i  oo  times  great- 
er than  if  it  flood  infulated  in  the  air  ;  or, 
which  is  the  fame  thing,  it  acquires  lOo  times 
more  electricity  from  the  phial  or  condudlor. 
It  naturally  follows,  that  when  the  metal  plate 
is  removed  from  the  proper  plane,  its  capacity 
being  leffened  fo  as  to  remain  equal  to  the  icoth 
part  of  what  it  was  before,  the  intenfity  of  its 
eledlricity  muft  become  50*-*,  iince  the  intenfity 
of  the  eled:ricity  in  the  phial  or  condudor  was 
half  a  degree. 

If  a  fmall  quantity  of  elefbricity,  applied  to 
the  metal  plate  of  the  condenfer,  enables  it  to 
give  a  ftrong  fpark,  it  may  be  aiked,  What 
would  a  greater  quantity  do  ?  Why  nothing 
more.  Becaufe,  when  the  eleflricity  commu- 
nicated to  the  metal  plate  is  fo  ftrong  as  to 
overcome  the  fmall  refiftanee  of  the  inferior 
plane,  it  will  be  diffipated. 

It 
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■  It  is  eafy  to  underftand,  that  if  the  metal 
plate  of  the  condenfer  can  receive  a  good  fhare 
of  electricity  from  a  Leydcn  phial  ©r  ample 
condudor,  however  weakly  eledlrified,  it  can- 
not receive  any  conliderable  quantity  of  it  from 
a  condudpr  of  fmall  capacity ;  for  this  conduc- 
tor cannot  give  what  it  has  not,  except  it  were 
continually  receiving  a  ftream,  however  fmall ; 
as  is  the  cafe  with  an  atmofpherical  cpnduflor, 
or  with  the  cpnduftor  of  a  machine  which  ads 
very  poorly  but  continues  in  adlionp  In  thofe 
cafes  it  has  been  obferved,  that  a  conliderable 
time  is  required  before  the  metal  plate  has  ac- 
quired a  fufficient  quantity  of  eledlricity. 

As  an  ample  condudtqr,  weakly  electrified, 
imparts  a  conliderable  quantity  of  eledtricity  to 
the  metal  plate  of  the  copdenfer,  fo,  when  this 
plate  is  afterwards  feparated  from  its  plane,  the 
cle<5lricity  in  it  appears  much  condenfed  and 
vigorous  ;  fo,  when  the  fame  plate  contains  a 
fmall  quantity  of  eledricity,  fuch  as  cannot 
give  a  fpark  or  afFe6t  an  eledrometer,  that  elec^ 
tricity  may  be  rendered  very  confpicuous  by 
communicating  it  to  another  fmall  plate  or  con- 
denfer. 

Mr.  Cavallo  firll  thought  of  this  improvement, 
by  reafoning  on  Mr.  Volta's  experiments.  He 
made  a  fmall  metal  plate  not  exceeding  the  fize 
of  a  ihilling.     This  fecond  condenfer  is  of  great 

ufe 
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p{e  m  many  cafes  where  the  eledlricity  is  fo 
jfmall  as  not  to  be  at  all,  pr  npt  clearly,  obfer- 
yable,  by  one  condenfer  only,  as  has  been  fully 
proved,  Spmetimes  the  ufual  riietal  plate  of 
piy  condenfer  acquired  fo  fmall  a  quantity  of 
electricity,  that  being  afterwards  taken  from 
the  inferior  plane,  and  prefented  to  an  ex- 
treamly  fenfible  eledrometer,  made  by  Mr,  Ca- 
vallo,  it  did  not  affedt  it.  In  this  cafe,  if  the 
faid  plate,  thus  weakly  eledlrified,  was  made  to 
touch  the  other  fmall  plate  properly  Situated, 
jjnd  was  afterwards  brought  near  an  eiedrome- 
tcr,  the  clecftricity  was  then  generally  Itronger 
than  was  fuificient  merely  to  afcertain  its 
quality. 

Now  if,  by  the  help  of  both  condenfers, 
the  intenfity  of  the  eleftricity  has  been  aug- 
mented looo  times,  which  is  by  no  means  an 
€xaggeration>  h.QW  weak  mull  then  be  the  elec^ 
tricity  of  the  body  examined  !  how  fmall  the 
quantity  of  ele<5lricity  that  is  produced  by  rub- 
bing a  piece  of  metal  with  one's  hand !  lince, 
when  it  is  condepfed  by  both  condenfers,  and 
then  communicated  to  an  eledlrometer,  it  will 
hardly  affecl  that  inftrument,  and  yet  is  fuifi- 
cient to  afford  conviftion  that  the  metal  can 
be  eledtrified  by  the  friction  ofaperfon's  hand. 

Before  the  difcovery  of  the  condenfer  and 
Mr,  Cavalio's  very  fenfible   eleflrometer,   ive 

were 


ao4  AN      ESSAY 

were  far  from  being  able  to  difcover  fuc'h  weak 
fseitations  ;  whereas,  at  prefent,  we  can.  ob-ierTe 
a  quantity  of  electricity  hicomparably  fmalkr 
tkan  ti^e  fmalkft  obferrable  at  thofe  tim'CS. 
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CHAP.     XII. 

Of  Atmofpherical  EleBricity^ 

^OR  the  fubjecl  of  this  chapter  we  are  prm* 
cipally  indebted  to  P.  Beccaria,  who  has 
for  many  years  accurately  oblerved  the  various 
changes  in  the  eleflricky  of  the  atmofpherey 
imd  their  relation  to  thfe  other  phoenomena  of 
the  weather.  His  apparatus  was  admirably  well 
adapted  for  this  purpofe,  and  fuperior  to  any 
thing  that  we  are  at  prefent  acquainted  with, 
for  intimating  eaiily  and  at  all  times  the  elec- 
tricity of  the  air,  It  not  being  at  firil:  fufped:ed, 
that  eledricity  was  fo  intimately  blended  witll 
every  operation  of  nature,  as  it  is  now  knowii 
to  be.  The  labourers  in  this  part  are  of  courfe 
very  £ew%  the  principal  are  P.  Beccaria,  Mr« 
RonaynCj  and  Mr.  Cavallo. 

I  have  extracted  and  methodized  the  relults 
of  the  obfervatlofis  made  by  P.  Beccaria,  intro- 
ducing occaiionally  thofe  made  by  others,  that 
the  reader  might  be  in  poireffion  of  the  moit 
material  fafts,  and  excited  to  invelligate  and 
purfue  with  attention  this  delicate  and  impor- 
tatit  fubjedt;  for,  indeed,  little  certainty  can 
be  expeifted  from  any  lyflem  of  meteorology 
where  the  a<5lion  of  the  principal  agent  is  i;iot 
particularly  conlidered  and  attended  to» 

The 
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The  apparatus  nfed  by  P.  Beccarla,  for  In= 
vefligating  tKe  elcftricity  of  the  atmofphere,' 
■was  an  iron  wire,  which  he  terms  an  exploring 
wire,  one  hundred  and  thirty-two  feet  long. 
It  was  fixed  at  one  end  to  a  pole  raifed  over  the 
thimney,  the  Othet  end  was  faflened  to  the  top 
of  a  cherry-treCo  The  extremities  of  the  wire 
were  infulated,  and  covered  with  a  fmall  um- 
brella of  tino  Another  wire  was  brought  frorrt 
this,,  (through  a  thick  glafs  titbfi,  coated  witH 
fealing-wax)  into  the  room  j  by  which  ineans^ 
continual  information  of  the  ftate  of  the  elec- 
tricity in  the  exploring  wire  was  obtained.  He 
conneifled  with  this  wire  a  fmall  flip  of  metal^ 
6n  each  fide  of  which  was  a  fmall  pith  bail;^ 
one  line  diameter ;  the  balls  were  fufpended  by 
filk  threads,  fixteen  lines  long. 

•  The  eleflricityj  in  ferene  weather,  generally 
makes  each  of  the  balls  diverge  about  6  lines  t 
when  it  is  very  flrong,  they  \vill  diverge  15  or 
20  degrees  from  the  metal  plate ;  wheh  weak^ 
the  divergence  is  very  fmall. 

In  ferene  weather,  the  wire^  after  being 
touched,  will  take  a  minute  or  longer  before  it 
again  Ihevv's  figns  of  eledlricity  ;  though,  at 
other  times,  it  will  become  electrified  in  the 
fpace  of  a  fecond.  , 

The  electricity  dilring  ferene  weather  is  at* 
ways  pofitive»      There  are  few  inftances  in 

whichf' 
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which  it  is  negative,  and  then  it  is  brought 
over  by  the  wind  from  fome  part  of  the  atmo*^ 
fphere,  (perhaps  very  diftant  from  the  place  of 
obfervation)  where  there  is  either  fog,  fnow^ 
rain,  or  clouds*  The  whole  feries  of  obfer- 
vations  which  P.  Beccaria  has  made  confirm 
this  pofitioni  He  feems  to  have  met  with  only 
three  or  four  inllances  to  the  contrary. 

Dr.  Franklin  has  obferved,  that  the  clouds 
are  fbmetimes  negative,  which  is  certainly 
true  ;  becaUfe  they  will  at  times  abforb  at,  and 
through  the  apparatus,  a  large  and  full  bottle  of 
politive  ele<5lricity,  of  which  the  apparatus 
could  not  have  received  and  retained  the  looth 
part«  And  it  is  eafy  to  cc^nceivcj  how  a  ftrongly 
charged  large  poiitive  cloud  may  reduce  fmaller 
clouds  to  a  negative  flate. 

The  eledlrlcity  of  the  atmofphere  is  very' 
much  cdnnecled  with  the  Hate  of  the  air,  as  to 
moifture  arid  drynefs  ;  fo  that  it  is  neceflary  to 
attend  to  the  hygrometer,  in  order  to  form  a 
proper  judgment  of  the  different  degrees  of 
eledriclty  at  different  times.  That  invented  by 
Mr;  Coventry,  which  is  made  of  hatters'  paper^ 
will  anfwer  befl  ;  it  is  very  fenfible,  abforbs 
moiflure  foon,  and  parts  with  it  ealily;  Com- 
parative obfervations  may  alfo  be  made  v;ith 
it.  It  is  alfo  neceflary  to  place  a  thermorr;.etc!: 
©ear  the  hygrometer,  to  afcertain  what  qj^antity.-. 

cf 
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of  moiilure  tlie  air  can  keep  in  folution  witK 
a  given  degree  of  heat.  Though  this  obje(5l 
will  more  probably  be  obtained  by  obferving 
accurately  the  quantity  of  moiflure  evaporated 
Irom  a  given  furface  at  different  times.  It  is 
alfo  to  be  obferved,  that  the  different  degrees 
of  denfity  in  the  air  will  affe6t  the  quantity  of 
moiflure  vv'hich  is  retained  in  the  air. 

The  moiflure  in  the  air  is  the  conflant  eon- 
dudor  of  the  atmofpheric  elediricity  during 
clear  weather  ;  and  the  quantity  of  eledricity 
is  proportioned  to  the  quantity  of  moilKirc 
which  furrounds  the  exploring  wire  ;  except 
there  is  fo  much  as  to  leffen  the  exaflnefs  of 
the  infulation  of  the  wire  and  of  the  atmo- 
fpherc.  In  a  dry  flate  of  th^  air  it  will  fome-* 
times  be  above  a  minute  before  the  balls  will 
manifefl  any  eledricity  after  the  wire  has  been 
touched  ;  though  in  a  damper  flate,  a  fecqnd 
will  fcarce  elapfe  before  rapid  ofcillations  of 
the  balls  may  be  obferved  between  the  finger 
and  the  plate  of  brafs  to  which  they  are 
afHxcd.* 

the 

■*  In  making  obfervatlons  on  the  eteftricity  of  the  atmo- 
fphere  in  clear  weather.  It  is  elTential  to  repeat  them  very 
frequently  ;  i.  e.  to  bbferve  the  velocity  with  which  the  elec- 
tricity rifes  after  it  has  been  annihilated  ;  which  P.  Beccaria 
generally  eftimated  by  the  number  of  feconds  elapfed  befor<l^^ 
rhe  balls  beo;an  to  nianrefl  their  eleflrlcity. 
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^he  eleftricity,  when  the  weather  clears  up, 
IS  always  pofitive.  When  the  weather  is  clear- 
ing up,  and  becomes  dry  quickly,  the  elec- 
tricity rifes  to  a  great  degree  of  irlteniity,  and 
affords  frequent  opportunities  for  repeating  the 
obfervations.  It  fometimes  happens,  that  the 
eledtricity,  caufed  by  the  clearing  up  of  the 
weather,  continues  in  its  ftate  of  inteniity  for  a 
long  while  ;  and  alfo,  after  being  interrup- 
ted, it  begins  afrefti.  Thefe  accidents  feeni 
to  be  ©wing  to  the  eledricity  being  brought 
over  by  the  wind  from  great  diftances. 

P.  Beccaria  fays,  that  whenever  he  obferved[ 
that  the  thick  low  clouds  which  were  over 
his  head  began  to  breaks  and  the  rare  even- 
clouds,  which  are  above  the  former,  became 
^  dilated,  that  the  rain  ceafed,  and  the  balls 
diverged  with  pofitive  electricity,  he  always- 
wrote  down  certain  tendency  to  clear  weather. 

Prior  Ceca  fays,  that  a  firong  pofitive  elec- 
tricity after  rain  is  an  indication  that  the  wea- 
ther will  continue  fair  for  feveral  days.  If  the 
electricity  is  weak,  it  is  a  fign  that  the  fair 
Weather  will  not  laft  the  whole  day,  but  that  it 
will  foon  be  cloudy,  and  even  rain. 

If,  when  the  iky  grows  clouded  over  the 
place  of  obfervation,  and  a  high  cloud  is 
formed,    without  any  fecand:^rv  clouds  under 

P  '  it. 
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it,  and  tHat  it  is  not  an  extenfiori  of  a  clond 
which  drops  rain  elfewhere  ;  either  no  electri- 
city takes  place,    or  it  is  politive. 

If  the  clouds  which  are  gathering  are  fliaped 
like  locks  of  wool,  and  keep  mo'ving  firft  nearer 
to,  and  then  feparating  from  each  other ;  or,  if 
the  general  cloud  which  is  forrtiing  lies  very 
high,  and  is  ftretched  downwards  like  defcend- 
ing  fmoke,  then  politive  ele<3:ricity  commonly 
takes  place,  which  is  nlore  or  lefs  flrong  in 
proportion  to  the  quicknefs  with  which  this 
cloud  forms  ;  and  it  foretells  the  greater  or  lefs 
quantity  and  velocity  of  the  rain  or  fnow  which 
is  to  follow. 

When  a  thin,  even,  and  extenfive  cloud  Is 
forming,  which  darkens  the  iky,  and  turns  it 
into  a  grey  colour^  a  llrong  and  repeated  poli- 
tive eledricity  takes  place  ;  but  in  proportion 
as  _  the  gathering  of  the  cloud  flackens,  this 
eledricity  ieffens,  or  even  fails.  On  the  con- 
trary, if  the  rare  extenfive  cloud  is  gradually 
formed  of  fmailer  clouds,  like  locks  of  wool, 
which  are  continually  joining  to,  and  parting 
from  each  other,  the  pofitive  eledricity  com- 
monly continues. 

Low  and  thick  fogs,  (efpecially  when  as 
they  rile  the  air  above  them  is  free  from  moif- 
til  re)  carry  up  to  the  exploring  wire  an  elec- 
tricity 
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Iricity  which  will  give  fmall  fparks  repeatedly, 
and  produce  a  divergence  of  the  balls  from 
20°  to  25°,  Or  even  30°,  If  the  fog  grow^^ 
flnggifli,  and  continues  round  the  exploring" 
wire,  the  eledricity  foon  fails  ;  but,  if  it  con- 
tinues t6  rife^  and  another  cloud  fueceeds,  it 
eledrifies  again  the  wire,-  though  kfs  than  be-* 
forev  Sky-rockets  ferit-  through  fuch  thick, 
low,  and  continued  fogs,  often  afford  figns  of 
dedricity.  P.  Beccaria,  under  any  one  of  the 
circumflances  above  deferibed,  never  met  with 
an  inftance  of  negative  elediricity  ;  except, 
l^erhaps  once,  when  he  fent  a  fky-rocket,  to 
which  a  itririg  was  fixed,  through  a  low  thick 
fog;  though  he  had  afterwards  every  reafon 
to  think  that  he  had  .miftakcu  a  falfe  little 
Jlar  for  a  true  cue. 

Mr.  Ronayne  obfcrved,  that  the  air  in  Ire^ 
land  was  generally  electrified  in  a  fog,  and  even 
in  a  mift,  and  that  both  day  and  night,  but 
principally  in  winter ;  fcldom  in  fummer,  ex- 
cept from  poiitive  clouds,  or  cool  fogs.  The 
eleclricity  of  the  air  in  a  frofl  or  fog  is  always 
pofitlvci  He  favs,  that  he  has  often  obferved, 
during  what  fecmed  the  pairing  of  one  cloud, 
f\icceffivc  changes  from  negative  to  poiitive, 
and  from  pofitive  tb  negative^ 

N.  B.  Moil  fogs   have   a  imell  very  like  an 
excited  glafs  tube, 

P  2  Mr, 
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Mr.  Henly  has  Ihewn,  that  fogs  are  more 
ilrongly  eleftriiied  in,  or  immediately  after  a 
froft,  than  at  other  times  ;  and  that  the  elec- 
tricity in  fogs  is  often  the  ftrongeft  foon  after 
their  appearance. 

Whenever  there  appears  a  thick  fog,  and  at 
the  fame  time  the  air  is  fharp  and  frolly,  that 
fog  is  ftrongly  eled:riiied  politively* 

Though  rain  is  not  an  immediate  caufe^ 
yet  he  is  inclined  to  think  it  was  always  a  re- 
mote confequence,  of  ele(5trieity  in  the  atmo- 
fphere ;  and  he  generally  found,  that  in  two 
or  three  days  after  he  had  difeovered  the  air  to 
.be  ftrongly  eleflrified,  we  had  rain,  or  other 
falling  weather. 

If,  in  clear  weather,  a  low  cloud,  which  moves 
flowly  and  is  coniiderably  diftant  from  any 
other,  paffes  over  the  wire,  the  pofitive  elec- 
tricity generally  grows  very  weak,  but  does 
not  become  negative ;  and  when  the  cloud  is 
gone,  it  returns  to  its  former  flate.  When 
many  whitiih  clouds,  like  locks  of  v/ool,  keep 
over  the  v/ir-Cj,  fometimes  uniting  with,  and 
then  feparating  from,  each  other,  thus  forming 
a  body  of  confiderable  extent,  the  politive 
eieclricity  commonly  increafes.  In  ail  the 
above  circumHances  the  politive  eledtricity 
never  changes  to  a  negative  one. 

The 
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The  clouds  whicli  leffen  the  elecflricity  of  the 
exploring  wire  are  thofe  which  move;  though 
thofe  that  are  low  feem  alio  to  have  the  fame 
effect. 


Of  the  Diurnal  Atmofpherical  EleBricity, 

In  the  morning,  when  the  hygrometer  indi- 
cates ^  degree  of  drynefs  equal  to,   or  little  lefs 
thap  th4at  of  the  preceding  day,    an  eleflricity 
takes  place   before   the  fun    rifes  ;    which   is 
manifelle^  by  jundions^  adheiions,  or  even  a 
divergence  of  the  balls,  and  is  proportional  to 
the  drynefs  of  the  air,  and  the  fmallnefs  of  its 
difference  from  that  of  the  preceding  day.     If 
this  ftate  of  drynefs  does  not  obtain,  no  dif- 
cernable  electricity  will  be  perceived  before,  or 
even  for  a  little  while,  after,  the  riling  of  the 
fun.     As  the  jiir  is  generally  damp  in  the  night, 
electricity   ig  feldom  obferved   before  the  fun 
rifes.  During,  three  months  obferyations.  Po  Bec- 
^.aria  found  the  eleftricity  before,  the  fun  rofe 
only  eighteen  mornings  ^  and  from,  the  whole 
of  his  numerous  obfe^vatigns  it;  appears,  that 
the  appearance  of  eledtricity  in  winter  before 
fun-rife  is  more  frequent  than  in  the  fummer, 
efpecially  if  the  dampnefs   from  hoar-frofl  is 
prevented  from  affedting  the  apparatus^ 

P  3  1:1 
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In  the  morning,  as  the  fun  rifes  higher,  the 
eledricity,  whether  it  begun  before  fun-rife  oir 
only  after,  gradually  increafes.  This  graduaj 
increafe  of  the  morning  ele<5tricity  begins  fopner 
if  the  hvo-rometer  continues  after  fun-rife  to 
indicate  a  greater  degree  of  increafing  drynefs^ 
The  intenfity  and  the  rife  of  the  elefiricity 
(after  it  has  been  annihilated  by  touching  the 
exploring  wire)  lails  in  ferene  days,  in  which 
no  impetuous  wind  takes  place,  and  the  hy- 
grometer is  ilatlonary  at  the  highefl  degree  it 
has  attained  that  day,  till  the  fun  draws  near 
the  place  of  its  fetting.  When  the  fun  is  near 
fetting,  and  in  proportion  as  the  hygrometer 
abforbs  the  moifture,  the  intenfity  of  the  daily 
elecftricity  lelTens. 

Though  the  hygrometer  may  indicate  equal 
degrees  of  drynefs  at  twelve  o'clock,  in  differ- 
ent days,  yet  the  eledricity  will  appear  fooner 
after  being  dellroyed  on  fome  days  than  on 
others ;  and  this  is  in  a  great  meafure  propor^ 
tioned  to  the  increafe  of  heat.  The  eledricity 
moreover  commences  on  fuch  days  later  in  the 
morning,  and  falls  fooner  in  the  evening. 

The  fridtion  of  \yinds  againfl  the  furface  qf 
the  earth  is  not  the  caufe  of  atrnofpheric  elec- 
tricity. Impetuous  winds  leffen  the  intenfity  of 
the  "eledricity  in  clear  weather;  If  they  are 
4amp,  they  lefTen  its  intenfity  in  proportion  to 

th? 
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the  diminution  they  caiife  in  the  exadtnefs  of  the 
infulation,  both  of  the  wire  and  atmofphere. 


Of  the  Ekdiricity  produced  by  the  Evening 

Dew* 

In  cold  feafons,  if  the  fky  is  clearji  little  wind^ 
and  a  great  degree  of  increafing  drynefs,  an 
eledlricity  of  confiderable  intenfity  arifes  after 
fun-fet,  as  foon  as  the  dew  begins.  Tht  fre- 
quency of  fuch  ele(5lricity  is  moreover  greater 
than  that  of  the  daily  eledricity,  and  it  vanifhes 
ilowly. 

In  temperate  or  warm  feafons,  if  the  fame 
circumllances  as  above  take  place,  an  eleflri- 
city  intirely  fimilar  to  the  former  arifes  as  foon 
as  the  fun  has  fet ;  only  its  iiitenfity  is  not  fo 
conflant,  it  begins  with  greater  rapidity,  and 
ends  fopner, 

If,  under  the  above  circumllances  refpeftive- 
ly,  the;  general  drynefs  of  the  air  happens  to 
be  lefs,  the  eled:ricity  that  arifes  in  the  even- 
ing, when  the  dew  begins,  is  iefs  in  proportion 
to  the  diminutions  of  the  exaftnefs  of  the  Infu- 
lation  of  both  the.  exploring  wire  and  the  at- 
mofphere ;  but  cor-refpondently  to.  the  greater 
quantity  of  dew,  the  frequency  of  the  eledriciry 
is  greater, 

B4  The 
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The  eleclricity  of  dew  feems  to  depend  on  the 
qualitity  of  dew,  and  to  follow  in  its  various 
changes  proportions  fimilar  to  thofe  which  take 
place  between  the  eleftricity  of  calm  mild  rain, 
and  that  of  rainy  and  flormy  weath^fj  and  varies 
alfo  according  to  the  feafons. 

As  rain,  fliowers,  the  Aurora  Borealis,  and 
the  zodiacal  light,  have  a  tendency  to  appear 
for  feveral  fucceffive  days  with  the  fame  cha- 
raflerillic  accidents,  fo  the  eledlricity  of  dew 
feems  to  have  as  it  were  an  inclination  to  appear 
for  feveral  evenings  fucc.efTively  with  the  fame 
charaders. 

Experiment      CLXXX. 

Let  the  air  in  a  well-clofed  room  -be  eleclri- 
lied  ;  that  is  to  fay,  the  moillure  and  other  va- 
pours diffufed  in  it :  then  let  a  bottle,  filled  with 
water  colder  than  the  air  in  the  room,  and  in- 
fulated  on  a  tube  of  glafs,  be  raifed  pretty 
high,  in  this  rpom.  Care  mufl  be  taken  to  pre- 
ferve  the  infulation  of  the  glafs  with  warm 
cloths.  The  eleflric  figns  that  will  arife  in  two 
threads  fufpended  to  fuch  bottlp  will  exaiflly 
reprefent  the  eleclricity  of  dew  ;  and  they  will 
.pxhibit  the  different  manner  after  which  this 
eleclricity  takes  place,  according  as  the  elec- 
trified vapours    in    the    room    are  more  or 

iefs 
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iifefs  rare,  as  the  difference  between  the  heat  of 
the  air  in  the  room,  and  that  of  the  water  in 
the  bottle,  is  lefs  or  greater,  and  the  infulation 
of  the  bottle  is  more  or  lefs  exaft. 

In  a  thunder-llorm  Mr.  Ronayne  obferved, 
that  the  flalhes  would  caufe  fudden  changes. 
Sometimes  the  eleftricity  would  be  extended, 
fometimes  diminifhed ;  at  other  times  increafed, 
and  fometimes  even  changed  to  the  contrary 
again,  though  none  was  perceived  before  ; 
it  would  come  on  fuddenly  Vv-ith  a  ilalh  of  light- 
ening. A  large  thunder-cloud,  when  it  dark- 
ens  the  hemifphere,  does  not  produce  fo  much', 
eleflricity  as  a  branch  of  it,  or  even  as  a  com- 
mon lliower  ;  that  a  florni  does  not  go  in  a 
regular  current  of  the  wind,  but  obliquely  and 
zig-zag ;  viz.  it  rains  in  that  region  from 
whence  the  ftorm  is  to  proceed. 

BfXperhmnts  and  Obfervations  on  ^tmofpheri' 
pgl  EkSfricity,  by  Mr.  Cavallo. 

Thefe  were  principally  made  with,  an  ele(5lri- 
cal  kite,  which  will  collcft  ele(5lricity  from  the 
air  at  any  time.  The  power  of  this  inflrument 
refides  in  the  firing.  The  befl:  method  of  ma- 
king the  firing  is  by  twifting  two  threads  of  com- 
mon twine  with  one  of  that  copper  thread  which 
is  ufed  for  trimming  :  a  fchool-boy's  kite  with 

this 
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this  ftrliig  anfwers  the  purpofe  as  well  as  any 
©tber.  When  a  kite,  conflrufted  in  this  man- 
ner, was  raifed,  Mr.  Cavallo  fays  he  always 
obferved  the  ftring  to  give  figns  of  electricity, 
except  once  ;  the  weather  was  warm»,  and  the 
wind  fo  weak,  that  the  kite  was  raifed  with 
difficulty,  and  could  haxdly  be  kepjt  up  for  a 
few  minutes  :  afterwards,  when,  the  wind  in- 
creafed,  he  obtained  as  ufual  a  ftrong  ppfitiy& 
electricity. 

if  the  kite  was  raifed  at  a  time  when  there. 
was  any  probability  of  danger  from  the  great; 
quantity  of  eleftricity,  Mr.  Cavallo  conneded 
one  end  of  a  chain  with  the  ftringj  and  let  the 
other  end  fall  on  the  ground,  and  placed  him-^ 
felfalfoon  an  infulating  ftool.  Except  th.e  kite. 
is  raifed  in  a  thunder-florm,  there  is  w  great- 
danger  that  the  operator  will  receive  a  fhock. 
Although  he  raifed  his  kite  hundreds  pf  times 
without  any  precaution  whatever,  he  feldom, 
received  even  a  few  flight  Ihocks  in  the  arms. 
But  it  is  not  advifeable  to  raife  it  while  ftormy 
clouds  are  overhead.  This  is  alfo  lefs  necelTary, 
as  the  eledricity  of  the  atmofphere  may  then 
be  eafily  obferved  by  other  means.  When  the 
kite  was  raifed,  he  often  introduced  the  ftring 
through  a  window  into  a  room  of  the  houfe, 
and  fallened  it  by  a  flrong  filk  lace  to  a  heavy 
chair  in  the  room.     Fig.  78,  A  B  reprefents  part 

of' 
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of  the  ftring  of  the  kite  which  comes  within 
the  room,  C  the  lilk  lace,  DE  a  fmall  prime 
conduftor,  which,  by  means  of  a  fmall  wire 
is  connefted  with  the  ftring  of  the  kite ;  F  a 
.quadrant  eledrometer,  fixed  upon  an  infuiating 
ftand,  and  placed  near  the  prime  conduftor; 
Q  a  glafs  tube  about  18  inches  long,  gn  a  ball 
and  wire  of  brafs,  which  are  fixed  to  the  glals 
tube.  This  fmall  inftrument  is  ufeful  to  de- 
termine the  quality  of  the  ele6lricity  when  it 
is  not  fafe  to  come  near  the  firing.  This  is 
efFecfted  by  touching  the  firing  with  the  wire, 
which  takes  a  fufEcient  quantity  from  it  to  af- 
certain  thereby  the  quality  of  the  eleftricit}'-, 
either  by  the  attraflion  and.  repuliion  of  light 
balls,  ot  the  appearances  of  the  eledric  light;  or 
it  may  be  alcertained  by  a  Leyden  phial,  whicli 
will  retain  a  charge  for  a  coniiderable  time; 
and  thejii  the  kite  need  not  ^be  kept  up  any 
longer  than  is  necefTary  to  charge  the  phial^ 
by  which  the  quality  will  be  lliewn  even  at 
fome  days  diflan^e. 

If  a  charged  phial  is  carefully  kept  fron^ 
any  of  thofe  means  by  which  it  is  known  to  be 
difcharged,  it  will  retain  its  charge  for  a  long 
time.  On  this  principle  the  above-mentioned 
phial  is  conflrucled  :  the  bottle  is  coated  in  the 
ufual  manner,  the  uncoated  part  of  the  glafs 
4$  covered  v/ith  wax,    or  elfe  well  varniflied. 
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A  glstfs  tube,  which  Is  open  at  both  ends^  Is 
cemented  into  the  neck  of  this  phial,  having  a 
piece  of  tin-foil  connedled  with  its  Ipwell  ex- 
tremity, which  touches  the  infide  non-ele6lric 
coating.  A  glafs  handle  is  fixed  to  the  ball  on 
the  wire  which  paff^s  into  the  foregoing  glafs 
tube;  the  wire  is  of  a  proper  length  to  touch 
the  tin-fpil  which  is  at  the  bottom  of  the  tube. 
Charge  this  bottle  in  the  ufual  manner,  and 
then  take  out  the  wire  from  the  glafs  tube  b}r 
means  of  the  glafs  handk.  This  may  be  done 
without  difcharging  the  phial ;  and,  as  the  fire 
cannot  now  efcape  eafily,  the  charge  of  a  phial 
m^y  be  preferved  for  many  weeks. 

Fig.  80  reprefents  a  very  limple  inftrument 
(contrived  by  Mr.  Cavatlo)  for  making  experi- 
ments on  the  eledricity  of  the  atmofphere,  and 
which,  on  feveral  accounts,  appears  to  be  the 
bed  for  the  purpofe.  A  B  is  a  common  jointed 
lilhing  rod,  without  the  lafl  or  fmallefl  joint : 
from  the  extremity  of  this  rod  proceeds  a  fmall 
glafs  tube  C,  covered  with  fealing-wax,  a  cork 
D  is  fixed  at  the  end  of  it,  from  which  an  elec- 
trometer v/ith  a  pith  ball  is  fufpended.  HGI 
is  a  piece  of  twine,  faflened  to  the  other  ex- 
tremity of  the  rod,  and  fupported  at  G  by  a 
fmall  firing  FG.  At  the  end  of  the  twine  T 
a  pin  is  faflened,  which,  when  pufhed  into  the 
cork  D,  renders  the  eiedrometer  E  uninfulated. 

Wh^i 
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When  the  eledricity  of  the  atmofpere  is  ob- 
ferved  with  this  inftrument,  thmfl  the  pin  T 
into  the  cork  D,  and  hold  the  rod  by  the  lower 
end  A  ;  place  it  out  of  a  window  at  the  upper 
part  of  the  houfe,  railing  the  end  of  the  rod 
with  the  eleStrometerj  fo  as  to  make  an  angle 
of  50  or  60  degrees  with  the  horizon.  Keep 
the  inftrument  in  this  fituation  for  a  few  fe- 
conds,  then  pull  the  twine  at  H,  and  the  pia 
will  be  difengaged  from  the  cork  D ;  v;hi.ch 
operation  caufes  the  firing  to  drop  in  the  dot^ 
ted  lituation  K  L,  and  leaves  the  eledlrometer 
infulaled,  and  eledlrified  with  an  ele^ricit/ 
contrary  to  that  of  the  atmofphere.  This  being 
done,  you  may  dcaw  the  eleclrometer  into  the 
room,  and  examine  the  quality  of  the  eledri- 
city,  without  bbilruftion  either  from  wind  or 
darknefs. 

Fig.  8 1  is  an  eledtrometcr  for  rain,  con- 
trived by  Mr.  Cavallo.  ABCT  is  a  ftrong 
glafs  tube,  about  two  feet  and  a  half  long, 
having  a  tin  funnel  D  E  cemented  to  its  ex- 
tiemity,  which  funnel  defends  part  of  the 
tube  from  the  rain.  The  outiide  furface  of  the 
tube  from  A  to  B  is  covered  v/ith  fealing-vrax^ 
and  fo  is  the  part  of  it  which  is  covered  by 
the  funnel,  F  D  is  a  piece  of  cane,  round 
which  brafs  wires  are  twilled  in  different  di* 
r£(^ions,  fo  as  to  catch  the  rain  eafily,  and  al: 

the 
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the  fame  time  to  make  no  refinance  to  the  wind. 
This  piece  of  cane  is  fixed  into  the  tube,  and 
a  fmall  wire  piGceedirig  froiti  it  goes  through 
the  tube,  and  co'mmuriicatesi  with  the  (Irons 
^vire  AG,  which  is  thruft  into  a  piece  of  cork, 
fattened  to  the  end  A  of  the  tube;  The  end  G 
of  the  wire  AG  is  formed  into  a  ring,  from 
which  a  feniible  pith  ball  eleflrometer  is  to  be 
fufpended.  This  initrument  is  faftened  to  the 
fide  of  a  window  frame,-  where  it  is  fupported 
by  flrong  brafs  hooks  at  C  B  ;  which  part  of 
the  tube  is  covered  with  a  filk  lace,  in  order  to 
adapt  it  better  to  the  hooks.  The  part  F  L  is 
out  of  the  window,  wifh  the  end  F  elevated  a 
little  above  the  horizon.  The  remaining  part 
of  the  inflrument  comes  through  a  hole  in  one. 
of  the  lights  in. the  fafh,  within  the  room,  and 
no  more  of  it  touches  the  fide  of  the  window 
than  the  part  C  B.  When  it  rains,  efpecially 
in  paffing  fhowers,  this  inflrument  rs  frequently 
eleftrified  ;  and  by  the  divergence  of  the  elediro- 
meter,  the  quantity  and  quality  of  the  rain  may 
be  obferved,  without  any  danger  of  a  miftake.* 
With  this  inflrument,  in  rainy  weather,  Mr,- 
Gavallo  has  been  able  to  charge  a  fmalf  coated 
phial  at  the  wire  A  G.  It  iliould  be  fixed 
in  fuch  a  manner  that  it  may  be  eafily 
taken  off  from  the  window,  and  replaced  again, 
as   occafion  requires  j    as  it  will  be   neeeffary 

ta 
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to  clean  it  often,  particularly  when  a  fhower  of 
rain  is  approaching. 


Defcnpthn  of  a  fmnll  portable  AtmdfpherU 
cal  EleSlrofMer^    by  Mr,  Cavalio. 

The  principal  part  of  this  inClrument  is  a 
glafs  tube  CDMN,  cemented  at  the  bottom 
into  the  brafs  piece  A  ^,  by  which  part  the 
inflrUment  is  to  be  held  when  ufed  for  the  at- 
mofphere ;  and  it  alio  ferves  to  fcrew  the  in- 
ftrument  into  its  brafs  cafe  ABO,  iig.  7^. 
The  upper  part  of  the  tube  CDMN  is  Ihaped 
tapering  to  a  fmall  extremity,  which  is  intirely 
covered  with  fcalihg-wax ;  into  this  tapering 
part  a  fmall  tube  is  cemented  1  the  lower  ex- 
tremity G  being  alio  covered  with  fcaling- 
wax,  projects  a  fmall  way  within  the  tube 
CDMN;  into  this  fmaller  tube  a  wire  is  ce- 
mentedj  which,  with  its  under  extremity, 
touches  the  flat  piece  of  ivory  H,  faftened  td 
the  tube  by  means  of  a  cork ;  the  upper  ex- 
tremity of  the  wire  projefls  about  a  quarter  of 
an  inch  above  the  tube^  and  fcrcws  into  the 
"brafs  cap  E  F,  which  cap  is  open  at  the  bot- 
tom, and  ferves  to  defend  the  waxed  patt  of, 
the  inltrument  from  the  rain,  Stc 

TM 
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T  M  and  K  N  are  two  narrow  flips  of  tiri^ 
foil,  iluck  to  the  infide  of  the  glafs  C  D  M  K, 
and  communieatiilg  with  the  brafs  bottom  A  Bi 
They"  ferve  to  convey  that  ele6lricity  which, 
when  the  corks  touch  the  glafs^  is  Communi- 
cated to  it,  and,  being  accumulated,  might 
difturb  the  free  motion  of  the  corks. 

To  ufe  this  inftrument  for  artificial  eleflri- 
city,  eledlrify  the  brafs  cap  by  aii  eledtified 
fubflaiice,  and  the  divergence,  or  convergence 
of  the  balls  of  the  electrometer,  at  the  ap- 
proach of  an  excited  electric,  will  ffie^v  the 
quality  of  the  elecStricity.*  The  beft  liianner  to 
cledtrify  this  inltrumeht  is,  to  bring  ex:cited 
wax  fo  hear  the  cap  that  one  or  both  of  the 
corks  may  touch  the  fide  of  the  bottle  CDMN, 
after  which  they  will  foon  collapfe  and  a|ipear 
nneleftrified.  If  now  the  wax  is  femoved, 
they  will  again  diverge,  afid  reftiain  electrified 
pofitively. 

When  this  eleftfometer  is  to  be  ufed  to  try 
the  electricity  of  the  fogs,  air,  clouds,  &c, 
the  obfcfver  is  to  do  nothing  more  than  to  un-- 
fcrew  it  from  its  cafe,  and  hold  it  by  the  bot- 
tom A  B  to  prefcnt  it  to  the  air  a  little  above 
his  head,  fo  that  he  may  conveniently  fee  the' 
corks  P,  which  will  immediately  diverge  if 
there  is  any  eletlricity ;  i.  e.  whether  pofitive' 
or  negative  may  be  afcef  tained,  by  bringing  a:ti 
%  excited 
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excited  piece  of  fealing-wax:  or  other  eleftric 
towards  the  brafs  cap  E  Fi     ' 


General  haws  deduced  from  the  Experiments 
performed  with  the  EleSfrical  Kites, 

1.  The  air  appeats  to  be  eledrifled  at  all 
times.  Its  elediricity  is  conftantly  pofitive, 
ahd  miich  flronger  in  frofly  than  in  warm  wea- 
ther ;  but  it  is  by  no  means  lefs  in  the  night 
than  in  the  day  time. 

2i  The  prefence  of  the  eloiids  generally 
lelTens  the  eledricity  of  the  kite  :  fometimes 
it  has  no  efFed  \ipon  it,  and  it  very  feldom  in- 
Creafes  it^ 

3;  When  it  rains  the  eledricity  of  the  kite 
is  generally  negative,  and  feldom,  pofitive. 

4.  The  Aurora  Borealis  feems  not  to  affedk 
the  electricity  of  the  kite. 

5;  The  eledrical  fpark,  taken  from  the 
firing  of  the  kite,  or  from  any  infulated  con- 
duftor  connedted  with  it,  efpecially  when  it 
does  not  rain^  is  feldom  longer  than  a  quarter 
of  an  inch,  but  it  is  exceedingly  pungent. 
When  the  index  of  the  eledrometer  is  not 
higher  than  20^,  the  perfon  who  takes  the 
fpark  will  feel  the  effedt  of  it  in  his  legs ;  it 

Q^  appears 


iiG  AN     ESSAY 

appears  more  like  tlie  difcharge  of  an  eke* 
trie  jar,  than  the  fpark  taken  from  the  prime 
conduiflor  of  an  eledricai  machine.  ' 

6.  The  €le<5lricity  of  the  kite  is  in  general 
ilronger  or  weaker,  according  as  the  llring  is 
longer  or  Ihorter,  but  it  does  not  keep  any  exafl 
proportion  to  it.  For  iniiance ;  the  eled:ricity 
brought  down  by  a  firing  of  a  hundred  yards 
may  raife  the  index  of  the  ele6lrometer  to  20'^, 
when  with  double  that  length  of  ilring  the  in- 
dex of  the  dedrometer  will  not  go  higher 
than  25°. 

y.  When  the  weather  is  damp,  and  the 
eleclricity  is  pretty  ilrong,  the  index  of  the 
eledirometer,  after  taking  a  fpark  from  the 
llring,  or  prefenting  the  knob  of  a  coated 
phial  to  itj  rifes  iiirprizingly  quick  to  its  ufual 
piaccj  but  in  dry  and  warm  weather  it  rifes 
exceedingly  iiow» 

It  appears,  from  the  obfervations  which  have 
been  made  on  the  ele^ricity  of  the  atmofphere, 
that  Nature  makes  great  uf&  of  this  fluid  in 
promoting  vegetation. 

i^  In  the  fpringy  when  plants  begin  to  grow, 
then  temporary  eie<flrical  clouds  begin  to  ap- 
pears and  pour  forth  eie<5l:ric  rain.  The  elec- 
tricity of  the  clouds  and  of  the  rain  continues 
to  increafe  till  that  par£  of  the  autumn  in 
which  the  iafl:  fruits  are  gathered. 

2.   It 
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2.  It  is  this  fluid  v/hich  fupplies  common 
lire  with  that  moifture  by  the  help  of  which 
it  aduates  and  animates  vegetation ;  it  is 
the  agent  that  colle6ls  the  vapours,  forms  the 
clouds,  and  is  then  ernployed  to  diforder  and 
diffipate  them  in  rain* 

3.  From  the  fame  principle  may  be  ex* 
plained  the  proverb,  that  No  watering  gives 
the  country  fo  Jmiling  a  look  as  rain.  The 
tlouds  of  rain,  by  extending  their  eleclfic  at- 
mofphere  to  the  plants,  difpofe  the  pores  of  the 
latter  to  receive  with  greater  facility  the  water 
Vv'hich  is  impregnated  with  this  penetrating  and 
dilating  fluid.  BelideSj  it  is^  natural  to  fup- 
pofe,  that  the  politive  eleftricity  which  con- 
tinually prevails  in  ferene  weather,  will  contri- 
bute to  promote  vegetation,  fince  this  has 
been  found  to  be  the  effed  of  even  artificial 
eledricityi 


CL2  Of 
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Of  the  ImperfeSlion  of  Meteorology^  Jo  long 
as  Baronietricaly  T!hermometrical^  and  Hy- 
gromefrical  Obfervations  are  not  accompa- 
nied with  the  regular  Obfervation  of  the 
EleBricity  of  the  Atmofphere^  of  the  Elec^ 
tricity  of  Rain,  Snow,  Mijis,  and  aqueous 
Meteors  in  generaL     By  Mr,  Achard. 

As  it  is  now  clearly  afcertained,  that  elec- 
tricity is  a  caufe  of  various  meteorological 
phoenomena,  it  is  rather  furprizing  that  philo- 
fophers  have  not  perceived  the  abfolute  neceffity 
of  joining  an  inflrument  by  which  obfervations 
may  be  made  on  the  eledricity  of  the  atmo- 
fphere,  to  thofe  which  indicate  its  weight, 
heat,  and  humidity. 

Without  coniidering  in  this  place  the  differ- 
ent proofs  of  the  influence  of  eled:ricity  on 
m.eteors5  it  will  be  fufficient  to  remark,  that 
we  cannot  attain  to  an  adequate  knowledge  of 
any  phoenomena,  occalioned  by  the  concur- 
rence of  various  caufes,  without  being  ac- 
quainted with  them  all  j  for  if  any  one  is 
negleded,  it  will  be  abfolutely  impoffible  tho- 
roughly to  explain  the  phoenomena.  If  elec- 
tricity is  not  the  fole  caufe  of  feveral  meteor- 
ological appearances,  it  is  undoubtedly  con- 
cerned 
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cerned  more  or  lefs  in  their  formation  ;  fo  that 
by  negled:ing  to  obferve  it,  as  well  as  the  ba- , 
rometer,  &c.  we  lofe  the  fruits  of  other,  even 
very  exadV,  meteorological  obfervations. 

The  influence  of  eleflricity  on  vegetation  is 
proved  by  a  fet  of  obfervations  made  by  differ- 
ent philofophers ;  but  it  evidently  appears, 
that  the  botanic  meteorological  obfervations 
alone  will  never  be  fo  ufeful  as  mia:ht  be  ex- 
pefted,  till  we  unite  thofe  made  by  an  inflru- 
ment  which  will  indicate  the  eleftric  ftate  of 
the  atmofphere,  to  thofe  made  with  other  in- 
llruments.  It  is  owing  to  this  caufe,  perhaps, 
that  it  is  impoffible  to  draw  any  concluiion 
froni  the  botanical  meteorological  obfervations 
of  Meffrs:  Gautier  and  Duhamel,  which  were 
continued  from  1751  to  1769. 

Mr.  Achard  has  had  an  opportunity  pf  making 
only  a  few  obfervations,  but  they  were  fuffici- 
ent  to  convince  him  of  the  intimate  connediioii 
that  fubfifls  between  the  formation  of  the  moft 
part  of  meteors,  and  atmofpherical  eledrri- 
city. 

To  difcover  if  the  atmofphere  was  eleflrical, 
he  made  ufe  of  a  pair  of  light  pith  bails  which' 
were  attached  to  a  refinous  rod.  This  eledtro- 
meter,  from  its  limplicity,  is  almoft  preferable 
to  any  other  for  merely  difcovering  that  elec- 
tricity exifts  in  the  atmofphere.    , 

QL3  During 


.^' 


230  AN      ESSAY 

During  the  month  of  July,  177S,  Mr, 
Achard  obferved  daily  the  ele6lricity  of  the 
atmofphere  in  the  morning,  at  noon,  and  in 
the  evening,  with  a  pair  of  fmall  pith  bails, 
which  were  placed  above  the  roof  of  the  houfe, 
above  40  feet  high,  and  fufficiently  diftant 
from  buildings,  trees,  &c.  During  the  whole 
time  there  was  only  1  o  days  which  gave  no  figns 
of  elediricity  ;  17  days,  including  the  foregoing 
10,  in  which  he  could  obferve  no  eledlricity  in 
the  morning,  though  it  became  very  feniible  at 
Doon,  and  was  very  much  increafed  towards 
the  fetting  of  the  fun.  Every  other  day  he 
found  the  air  eledirical  during  the  whole  day, 
but  always  .llrongefl  a  little  before  fun-fet,  a 
Ihort  time  after  which  it  began  again  to  dimi^ 
liifh. 

If  in  ferene  weather  the  iky  became  fuddenly 
cloudy,  the  ele6trometer  indicated  continual 
changes  in  the  eledtricity  of  the  atmofphere  ; 
fometimes  increaling,  then  difappearing,  then 
re-appearing;  in  which  cafe,  it  had  generally 
changed  from  pofitive  to  negative,  or  vice 
verfa.  In-  windy  weather  he  found  it  difficult 
to  obferve  with  the  ele<£lrometer,  on  account  of 
the  continual  motion  of  the  balls.  It  feemed 
to  vary  conliderably  when  the  air  was  heavy, 
but  not  windy.  When  the  weather  was  very 
calm,  and  the  iky  without  clouds,  the  eledro- 

meter 
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meter  did  not  alter  in  the  leaH^  except  towards 
fun-fet^  when  it  increafed  in  a  fmall  degree. 

It  is  remarkable,  that  in  thoie  days  in  which 
he  obferved  no,  eledlricity  in  the  air,  there  was 
no  dew  at  night ;  while  on  the  other  nights^  it 
fell  in  greater  or  lefs  quantities.  He  does  not 
think  thofc  obfervations  are  fufhcient  to  deter- 
mine that  the  dew  is  occafioned  by  eledricity^ 
but  it  may,  he  thinks,  be  fairly  inferred,  that 
the  elevation  and  fall  of  the  dew  is  obflru6led 
or  promoted  by  the  eiedricity  of  the  air.  It 
is  eafy  to  point  out  in  v/hat  manner  eleftiieity 
may  produce  the  effed:.  Let  us  fuppofe  the 
air  to  be  either  pofitively  or  negatively  eleftri- 
iied,  but  the  furface  of  the  globe  where  we  are 
not  to  be  fo ;  the  aqueous  and  volatile  parts 
of  the  vegetables  exhaled  by  the  rays  of  the 
fun,  and  fufpended  in  the  air,  v/ill  become 
eleftric  by  communication.^  The  air  cooling 
by  the  abfence  of  the  folai  heat,  will  not,  af- 
ter the  fetting  of  the  fun,  retain  the  aqueous 
particles  with  the  fame  force  ;  and  thefe  being 
attrafted  by  the  non-ele6lrie  bodies  which  are 
on  the  furface  of  the  earth,  their  fuperficies 
will  be  covered  with  dew,  Again,,  let  us  fup'-' 
pofe  that  the  furface  of  the  earth  is  eleclrical^ 
but  that  the  air  is  not  eleftrical,  and  the  effe^ 
will  be  fmiilar  to  the  preceding  cafe.  If  the 
air  and  the  earth  are  both  eledrified^  but  with 
0^4  contrary 
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contrary  powers,  the  attracftion  will  be  flronger 
and  the  dew  more  abundant,  but  no  dew  will 
fall  if  they  are  both  poffelTed  of  the  fame  pow- 
er, and  in  the  fame  degree.  It  is  known  that 
the  dew  does  not  fall  with  the  fame  facility 
upon  all  bodies,  and  that  eleflric  bodies  are 
thofe  on  which  it  falls  with  the  greateft  abun- 
dance. This  fa6t  admits  of  an  eafy  es:plana- 
tion,  if  we  fuppofe  eleftricity  to  be  the  caufe 
of  the  dew  ;  for  the  elecbric  bodies  do  not  rea- 
dily receive  eledricity  from  the  medium  which 
furrounds  them  ;  there  is,  therefore,  always  a 
greater  difference  between  the  elediricity  of  the 
air  .and  that  of  the  eledlrics  which  are  placed  in 
it,  than  between  the  eledlricity  of  the  air  and 
the  conducing  bodies  which  it  envelopes. 
Mow  it  is  in  the  ratio  of  this  difference  that 
the  power  of  eleftric  attraction  a6ls,  and  con- 
fequently  thefe  bodies  ought  to  be  covered 
more  abundantly  with  dew. 

As  ele6lricity  is  often,  if  not  always,  the 
caufe  of  dew,  no  one  will  doubt  the  neceffity 
of  attending  to  it  in  the  botanical  meteorology, 
as  every  one  is  acquainted  with  the  influence,  o^ 
dew  on  the  growth  of  vegetables. 

In  the  Phil.  Tranf,  for  1773,  are  obferva- 
tions  on  the  eleftricity  of  fogs,  which  prove 
that  they  are  generally  eleftrical.  Mr.  Achard 
Jbas  made  feveral   obfervations,  the  refults  of 

which 
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which  correfpond  entirely  with  thofe,  for  he  con* 
fi:antiy  found  that  the  air  was  more  or  lefs  elep- 
trifled  by  a  fog.  Twice  he  obferved,  that  in 
the  fpace  of  a  few  minutes  the  fog  ceafed  alto- 
gether, and  fell  in  form  of  a  line  rain ;  and 
thou_gh  it  was  very  thick,  difappeared  in  abqut 
feven  minutes.  It  is  alfo  very  probable  that 
rain  is  occasioned  by  eledlricity  ;  and  of  this 
we  iliall  be  convinced,  if  we  conlider  the  attrac- 
tions and  repulfions  that  the  terreflrial  or  atmo- 
fpheric  eleftricity  mull  occafion,  as  well  be- 
tween the  furface  of  the  globe  and  the  vapours 
contained  in  the  air,  as  between  the  particles 
of  vapour  which  always  neceffarily  tend  to  dif- 
perfe  or  unite  the  aqueous  particles  which 
fwim  in  the  atmofphere,  and  to  bring  them 
jnearer,  or  carry  them  farther  from,  the  earth. 

Having  proved  the  neceffity  of  combining 
pbfervations  on  the  eleflricity  of  the  atmofphere 
with  other  meteorological  obfervations,  Mr. 
Achard  proceeds  to  defcribe  the  properties  re- 
^quifite  in  a  good  atmofpherical  eledirometer, 
the  want  of  which  accounts  for  the  negleft  and 
fupinenefs  of  philofophers  on  this  fubjed:. 


Necejfaty 
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Ne£effary    Requijites    in    an    Atmofphericai 

EkBrometer, 

1.  It  fliould  be  eafy  in  its  ufe, 

2.  It  ihould  not  only  indicate  that  the  air  is 
^ledrical^  but  in  what  degree, 

3.  It  is  neceiTary  that  we  may  learn  whether 
it  i&  pofitive  or  negative. 

4.  That  the  obferver  iliould  be  in  eo  dangef 
in  ftormy  weather, 

5.  That  it  be  portable^ 

The  number  0:f  difficulties  which  oppofe  the 
conilrudion  of  an  inftrumcDt  v/hich  will  unite 
all  thefe  advantages  are  very  conliderabka 
The  greateft  is  to  infuiate  the  raetai  which  re- 
ceives the  ele<5lricity  from  the  air,  fe.that  rain 
may  not  eflabliih  a  communication  between  it 
and  the  earth,  and  that  the  infulatian  is  fufE- 
ciently  perfed:  to  prevent  too  quick  a  diffipation 
©f  the  eledricity  received  by  the  metaL.  Mr.. 
Achard  does  not  pretend  that  he  has  furmount- 
cd  all  thefe  difficulties,  but  after  feveral  trials 
he  has  contrived  an  initrument  fufficiently 
portable^  eafy  to  obferve  with,  and  that  with- 
out danger. 

Dejcripthn 
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J^efcription  of  the  portable  Atmofpherical 
EleBromefery  contri'ved  for  the  Furpofes 
already  mentioned. 

This  infiriiment  is  compofed  of  a  hollow  and 
truncated  cone  of  tin,  whofe  upper  end  is  open, 
and  which  is  clofed  at  bottom  by  a  plate  of  the 
fame  metal.  This  plate  is  covered,  in  the  in- 
iide  of  the  cone,  with  a  layer  of  rofin  tv/o 
inches  thick  :  to  the  lower  furface  of  this  layer 
of  rofin  a  tube  of  tin  is  cemented,  which, 
when  it  is  placed  on  a  wooden  pedeflal,  fup- 
ports  the  cone  in  fach  a  manner,  that  the  great 
bafe  is  horizontal,  and  turned  downwards  ;  the 
rofin  infulates  the  cone  perfed:ly,  and,  when 
the  latter  becomes  eledtric,  prevents  the  lofs  of 
its  eie6lricity  by  tranfmifTion.  The  cone  mull 
be  high  enough,  and  its  inferior  bafe  muft  ex- 
ceed far  enough,  in  diameter,  its  fuperior  ex- 
tremity,  to  prevent  the  rain,  even  though  it 
ihould  fail  in  an  oblique  direction,  from  wetting, 
either  in  its  fall,  or  by  rebounding  from  the 
pedeflal,  the  lower  furface  of  the  rofin-layer, 
with  which  the  bottom  of  the  truncated  cone  is 
internally  covered  :  otherwife  the  cone  would 
ceafe  to  be  infulated,  and  the  eledrometer 
would  be  changed  into  a  conduftor.  On  the 
truncated  part  of  the  cone  Mr.  Achard  fallens 
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a  fqiiare  iron  branch,  on  which  he  places  a 
thermometer  and  two  eleflrometers ;  the  one 
very  light,  and  thus  capable  of  being  fet  in  mo^ 
tion  by  fmall  degrees  of  eleftricity ;  the  other 
heavier;,  and  which^  confequently,  only  rifes 
■when  the  eleflricity  becomes  too  Itrong  to  be 
meafured  by  the  light  eledrometer.  Befides 
thefe  two  eleclrometers,  Mr.  Achard  tied  to  the 
iron  bar  a  thread,  which  indicates,  by  its  riling, 
the  fmallefl:  degrees  of  ele<5lricity  :  the  whole 
is  inclofed  in  a  receiver  of  glafs,  open  above 
and  below  ;  the  bafe  of  this  receiver  is  alfo. 
infulated  with  rofin,  that  it  may  not  derive  any 
eleftricity  from  the  tin  cone ;  the  remaining, 
fpace  of  the  upper  part  of  the  receiver,  between, 
the  bar  of  metal,  which  paffes  through  it,  and; 
the  glafs,  is  likewife  filled  with  rofin,  to  pre- 
vent the  communication  of  eledtricity  ta  the  re-, 
ceiyer;  to  preferve  this  rofin  from  rain,  which, 
by  moiftening  it,  would  form  a  communication 
between  the  receiver  and  the  bar,  it  is  covered 
over  with  a  glafs  funnel,  through  which  the 
bar  paffes,  and  which  hinders  the  rain  from 
falling  on  the  rofin.  This  receiver  is  alfo  in- 
difpenfably  neceffary  to  prevent  the  aflion  of  the 
wind  upon  the  eledrometers,  which  would 
render  the  accurate  obfervation  of  them  impofiS- 
ble.  At  the  end  of  the  metal  bar,  which  paffes. 
through  the  receiver,   hollow  tin  pipes  may  be, 

placed^. 
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placed,  of  a  fmall  diameter,  to  render  them 
as  light  as  poflible,  and  they  may  be  raifed  to 
the  height  of  10,  20,  or  30  feet.  The  upper 
end  of  the  pipe  terminates  in  an  iron  point,  ex* 
tremely  Iharp  and  well  gilt ;  the  gilding  is  ne- 
cefTary  to  hinder  the  point,  which  mull  be  al^ 
ways  even  and  fmooth,  from  contrafling  rufl. 
With  refpedt  to  the  elevation  that  it  may  be  pro* 
per  to  give  to  the  tin-pipe,  this  muft  vary  with 
the  height  of  the  buildings  or  trees  in  the  dif- 
ferent places  where  obfervatioits  are  made  ;  for 
the  height  of  the  pipe  mull  always  exceed,  at 
ieafl  by  fix  hct,  the  elevation  of  all  the  bodies 
that  are  near  it*  Mr.  Achard  joins  a  thermome- 
ter to  this  machine,  which  may  be  obferved  at 
the  fame  time,  and  be  the  means,  perhaps,  of 
difcovering  the  relation,  if  any  there  be,  be- 
tween eledrlcity  and  the  temperature  of  the 
air.  A  barometer  and  hygrometer  may,  v/ith 
facility,  be  added  to  this  inilrument  for  the 
fame  purpofe* 

In  order  to  know  whether  the  eleclricity  of 
the  air  be  pofitive  or  negative,  Mr.  Achard 
fufpends  a  ball  of  cork,  by  a  linen  thread,  on 
the  wire  which  communicates  with  the  iron 
bar,  and  which  palTes  through  the  rolin,  with 
which  the  bafe  of  the  truncated  cone  is  cover- 
4ed.  The  wire  mull  be  of  fuch  a  length,  that 
bodies,  pofitively  or  negatively,  eleflrical,  may. 

be 
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be  commodioufiy  brought  near  the  cork  ball^ 
which  is  luipended  on  it ;  and  it  is  according  as 
thefe  bodies  attradl  or  repel  the  balL  th^t  the 
obferver  learns,  whether  the  ele6lricity  which 
the  inftrument  has  received  from  the  air,  be 
politive  or  negative. 

That  the  obferver  mly  be  in  no  danger  from 
fadden  accumulations  of  eledricity,  which 
fometimes  happen,  Mr.  Achard  fallens  to  the 
bafe  of  the  pedeftal  an  iron  bar,  which  not  only 
communicates  with,  but  even  enters  into,  the 
ground,  feveral  feet  deep*  This  bar,  whofe 
tipper  part  teriiiiriates  in  a  round  knob  or  ball^ 
rnufl  be  only  at  the  diftance  of  an  inch  from 
the  cone.  When  the  eteftrical  fluid  is  fb  ac- 
cumulated that  the  inftrument  can  no  longei' 
contain  it,  it  will  difcharge  itfelf  again  ft  this 
metal  bar,  which  will  condufl  it  under  grounds 
The  fame  thing  would^  if  the  lightening  fell 
upon  the  inftrument,  and  the  obferver  would 
be  in  no  fort  of  danger,  even  at  the  diftance 
of  a  few  feet.  When  the  inftrument  is  placed 
in  a  garden,  this  method  of  forming  a  commu^ 
hication  with  the  ground  is  fubjed:  to  no  incon- 
veniency ;  but  if  it  fhould  be  judged  proper  to 
employ  the  inftrument  in  a  houfe,  (which  may 
be  done  by  making  the  tin  pipe  pafs  through  a 
hole  in  the  roof,  and  placing  the  inftrument  in 
a  garret)  the  manner  above-mentioned  of  form- 
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mg  its  cGmmunication  with  the  earth  would 
not  be  io  ealily  executed  :  in  this  cafe,  the 
communication  ijiuil  be  effe<5ted  by  means  of 
a  bar  of  metal  defcending  from  the  garret  to  a 
depth  of  fome  feet  under  ground;  and  for 
greater  fecurity  againil  the  too  great  proxioiity 
of  a  thunder-ftormj  it  would  be  proper  to  place 
the  metallic  bar  in  contad  with  the  cone  of  tin  : 
thus  the  inftrument  would  become  a  real  con- 
ductor, which,  inftead  of  expofing  the  houfe 
to  danger,  would,  on  the  contrary,  prefer ve  ic 
from  all  the  accidents  that  are  occafioned  by 
lightening. 

When  the  inftrument  is  placed  in  a  garret^ 
or  on  the  platform  of  a  houfe,  no  inconveni- 
ence is  to  be  apprehended  from  afcending  dews  5 
but  when  it  is  placed  in  a  garden,  the  dew  ad- 
heres to  the  rofin  which  covers  the  truncated 
bafe  of  the  cone,  and  forming  thus  a  commu- 
nication between  the  cone  and  the  earth,  makes 
the  inflrument  lofe  the  eledricity  with  which  ic 
may  have  been  charged.  To  prevent  this  ac- 
cident, it  is  neeefTary  to  pave  the  ground  on 
Lvhich  the  inftrument  is  placed,  and  ihat  in  fuch 
a  manner,  that  the  pavement  may  extend  itfelf 
on  ail  iides,  at  lea'ft  two  or  three  feet  beyond 
the  circumference  of  the  low^er  bafe  of  the  cone  : 
the  riling  of  the  dew>  which  by  adhering  to 

the 
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the  rofin  might  damage  the  inflrument,  will 
be  thus  effeclualiy  prevented. 

When  the  air  is  ekftrical,  it  muft  necefla-" 
rily  communicate  its  eledlricity  to  the  vapouis 
Which  it  contains.  This  is  evident  from  the 
formation  of  lightening,  which  is' not  produced 
by  the  difcharge  of  the  eled:rical  matter  of  the 
air,  but  by  that  of  the  vapours  which  float  in 
that  atmofphere.  Hence  it  follows,  that  rain, 
fnow,  hail,  mift,  and  dew,  mufl  be  very  often 
eleflric.  As  it  appears  to  Mr.  Achard  a  matter 
of  great  confequence  to  know  and  obferve  ex- 
aftly  the  eleflricity  of  thefe  meteors,  he  has' 
confl:ru(5led  a  machine  that  is  adapted  to  dif- 
cover  both  its  nature  and  degree.  This  ma- 
chine is  compofed  of  a  truncated  tin  coney 
clofed  at  the  top,  open  at  bottom,  and  infula- 
ted  upon  a  pedeftal,  like  that  of  the  machine 
employed  to  meafure  the  ele6kicity  of  the 
air.  In  the  center  of  the  upper  truncated 
part  of  the  cone,  Mr.  Achard  fixes  an  iron  bar 
terminated  by  a  ball ;  he  covers  the  whole  with 
an  infulated  glafs  receiver,  high  enough  to 
have  its  fummit  at  the  diilance  of  three  inches 
from  the  ball,  which  terminates  the  iron  bary 
to  which  he  faflens  a  very  fenfihk  eled:rometer, 
and  alfo  a  linen  thread  to  difcover  the  fmalleft 
degrees  of  electricity.  As  this  inllrument  rs 
but  little  elevated,  and  has  no  pointed  extre- 
mity. 
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Ihity,  it  is  not  eafily  charged  with  the  ele6lrj- 
city  of  the  air,    which;    at  fuch  a  degree  of 
f)roximity  to  the  darth,  is  always  impercepti- 
ble ;    but  rain,  fnOw,  haily  mift;  and  dew,"  if 
they  are  electrical,  will  render  it  alfo  eledrical 
by  falling  upon  the  cone  ;  the  degree  of  elec- 
tricity   is    afcertained    by    the    eledrbmeter, 
which  js  under  the  receiver  *  and  in  order  t6 
know  whether  it  be  pofitive  or  n^gative^  the 
obferver  has  only  to  employ  fhe  method  indi- 
cated above,  in  our  account  of  the  inltrum'ent 
tifed  to  meafure  the  eleflricity  of  the  air.     Be- 
iides  the  ufe  of  this  inftrument  in  difcovering 
the  eleflricity  of  aqueous  meteors,  it  may  ftiH 
ferve  farther  pufpofes  :    it  may  be  highly  ufe- 
ful  to  c6'mpa:re  it  with  the  atmofpherical  elec- 
trometer, in  order  tb  difcern  the  true  principle 
^f  the   ele^ficity  with'  Which  it  i^    charged,- 
ahd  to  fee   whethel  i^  proceeds'  immediately 
from  the  air,  or  from'  the  heterogeneous  bodies 
that  are  fufpended  in  the  atmofphere  ;    for  the 
atmofpherical   eledrometer   may   alfo'  become 
dedtri^al  by   rain,    fnow,-    hail,-   or  mift ;  and 
the  comparing   thefe   two   inflrumehts   is  the 
only  method  that  occurs  to  Mr;  Achar<l  by 
which  we  Can'  know,   whether  it  receives  its 
eledricity  diredly  from  the  air,  or  by  the  in- 
tervention of  bodies  (indued  with  a  ccndu^iing 
Jxower)   which  are  diftufed  in  it:    If,  during 
P;  rain,* 
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rain,  hail,  fnow,  or  mift,  the  atmofplierlcal 
eledrometer  is  eleSlrical,  while  that  which  in-^ 
•dicates  the  eleflricity  of  aqueous  meteors  is 
mot  foy  we  may  conclude,  with  certainty,  that 
the  elefbricity  of  the  former  proceeds  only 
•from  the  air  ;  if,  on  the  contrary,  they  are 
both  eiedrical,  it  muft  then  be  inquired,  whe- 
ther they  be  fo  in  the  fame  degree ;  if  this  be 
the  cafe,  it  is  only  to  the  rain,  or  fnow,  ^d 
that  the  eledricity  muft  be  attributed.  I  need 
€iot  obferve  (concludes  Mr.  Achard)  that  wheri 
there  is  neither  rain,  fnow,  hail,  or  mill,  the 
atmofpherical  eiedrometer  will  always  indicate 
the  eledricity  of  the  air. 


CHAR 


ON      ELECTRICITY.     243 

CHAP.      Xlli 

On  the  Diffufion  and  Subdhifion  of  Fluids 
by    Ek^iricity. 

WE  are  chiefly  indebted  to'  the  Abt^ 
Noilet  for  v/hat  is  known  on  the  fub- 
jed;  of  this  chapter,  which  was  invefligated 
by  him  with  incredible  indiiflry  and  patience, 
I  have  only  fubjoined  the  principal  refult  of  his 
experiments,  and  mufl  refer  the  reader,  for  a 
more  ample  account,  to  the  Abbe's  own  wri- 
tings, or  Dr,  Priellley's  Hiltory  of  Elec- 
tricity; 

Electricity  augments  the  natural  evaporation 
of  fluids ;  iince,  excepting  mercury  and  oily 
all  the  Others  which  were  tried  fufFered  a  dimi- 
nution that  could  not  be  afcribed  to  any  -other 
caufe  than  eled:ricity. 

It  increafes  the  evaporation  of  thofe  fluids 
mofl:  which  naturally  tend  to  evaporate  rea- 
dily. Volatile  fpirits  of  fal-ammoniac  loll 
more  than  fpirits  of  wine,  this  more'  than  wa-* 
ter,  he. 

Eledtricity  acfls  flrongefl  upon  fluids  wlien 

the  vefTels  which  contain  them  are  ncn-ele(ftrics. 

R  2  The 
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The  evaporation  was  greatefl  in  the  moft  open 
veflels,  but  did  not  increafe  in  proportion  to 
their  apertures.  It  does  not  rilake  any  liquor 
evaporate  through  the  pores  either  of  metal  or 
of  giafs. 

To  extend  thefe  principles  further,  the  Abbe 
made  a  great  variety  of  experiments  on  eledlri- 
fied  capillary  tubes,  and  found,  that  the  ftream 
would  be  fub-divided,  but  is  not  fenfibly  ac- 
celerated, if  the  tube  is  not  lefs  than  one  tenth 
of  an  inch  diameter  in  the  inlide. 

Under  this  diameter,  if  the  tube  is  w'ldt 
enough  to  let  the  fluid  run  in  a  flream,  eled:ri- 
city  will  accelerate  its  rriotion  in  a  fmall  de- 
gree. 

If  the  tube  is  fo  far  capillary  that  the  w^ter 
only  iffues  from  it  in  drops,  the  eleftrified  jet 
becomes  a  continued  flream,  it  will  even  be 
divided  into  feveral  fmaller  ones,  and  its  motion 
is  conliderabiy  accelerated  ;  the  fmaller  the  di- 
ameter of  the  tube,  the  greater  is  the  accelera- 
tion. When  the  furface  is  wider  than  one 
tenth  of  an  inch,  eledtricity  feems  rather  ta 
retard  the  motion  of  the  fluid* 

Experiment     CLXXXL 

Fig.  77,  reprefents  a  metal  phial,  to  which  a 
capillary  tube  is  adapted,  which  will  only  per- 
mit 
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mit  water  to  pafs  through  it  in  interrupted 
drops.  Fill  the  pail  with  water,  and  fufpend 
it  from  the  prime  condu<5l:or,  then  turn  the  cy- 
linder, and  the  water  will  pafs  through  the 
tube  in  a  continued  flream,  this  will  feparate 
into  other  ftreams,  that  will  appear  luminous 
in  the  dark. 


Experiment      CLXXXII. 

Sufpend  one  pail  from  a  pofitive  condudlor, 
and  another  from  a  negative  one,  fo  that  the 
end  of  the  tubes  may  be  about  three  or  four 
inches  from  each  other,  and  the  fl:rea,m  proceed- 
ing frorn  one  will  be  attra(5led  by  that  which 
iflfue^  frpm  the  other,  and  form  one  ftream, 
which  will  be  luminous  in  the  dark. 

If  the  pails  are  fufpended  on  two  pofitive, 
or  two  negative  conduflors,  the  llreams  will 
recede  from  each  other. 

Experiment      CLXXXIII. 

Place  a  metal  bafp^i  opt  an  infulating  fland, 

juiid,  connedt  it  with  the  prime  condutlor ;  then 

pour  a  fmall  f^ream  of  water  into  the  bafon, 

which  in  the  dark  will  have  a  beautiful  appear- 

R  3  ance. 
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ance,  as  the  flream  will  be  divided  into  a  great 
number  of  lucid  drops. 


Experiment     CLXXXIV. 

Dip  a  fponge  in  water^  and  then  fufpend  it 
from  the  condu6lor  ;  the  water,  which  before 
only  dropped  from  it,  will  now  fall  fail,  and 
appear  in  the  dark  like  fiery  rain 

Experiment     CLXXXV. 

Hold  a  pail,  which  is  furnifhed  with  fevera! 
papillary  tubes  placed  in  various  direftions,  near 
an  eled;rified  Gondudi(5r,  and  the  v/ater  will 
llream  out  of  thofe  jets  near  the  conducSlorj, 
while  it  will  only  drop  at  intervals  from  thofq 
which  are  pppofite  to  it. 

Experiment      CLXXXVI. 

The  knob  of  a  charged  jar  will  attract  a  drop 
of  water  from  a  faucer,  &c.  This  drop,  the 
moment  the  bottle  is  removed  from  the  faucer^ 
affumes  a  conical  ihape,  and  if  it  is  brought 
pear  any  condudiing  fubflance,  it  is  driven  for- 
cibly away  in  fmall  ftreams,  which  are  lumio 
Bous  in  the  dark. 

It 
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It  appears  by  this  experiment,  that  the 
cledric  fire  not  only  tends  to  feparate  the  par- 
ticles of  water,  and  to  diffipate  them  into  va- 
pour as  common  fire,  but  that  it  effedls  this 
^ith  uncoxnniqn  rapidity. 


Experiment      CLXXXVIT. 

Difcharg^  a  battery  through  a  drop  of  water^ 
previoufly  placed  on  the  knob  of  one  of  its 
bottles,  the  whole  will  be  inftantly  exploded 
into  vapour ;  the  fparks  will  be  much  longer 
than  common,  and  more  cp^Tipafl. 

Beccaria  obferves,  that  by  _  fending  a  dif- 
charge  to  a  greater  or  lefs  diftance,  through 
one  or  more  drops  of  quickfilver,  the  difcharge 
diffufes  itfelf  into  drops,  and  drives  them  into 
vapour ;  part  of  it  rifing  into  the  air  in  the 
form  of  fmoke,^  the  other  part  remains  on  the 
glafso 

Experiment      CLXXXVIII. 

A  drop  of  water,  hanging  from  the  con- 
denfing  ball  of  an  eleftrified  condu(5lor,  will 
ftretch  towards  water  placed  in  a  cup  under  it, 
lengthening  and  Ihortening  itfelf  according  to 
the  force  of  the  eled:ricity. 

R  4  Ex- 
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Experiment      CLXXXIXi 

Place  a  drop  of  water  on  the  prime  conduc^ 
tor,  turn  the  machine,  and  long  zig-zag  fpark^ 
may  be  taken  from  it ;  the  drop  will  take  a 
conical  figure ;  the  body  that  receives  the  fpark 
will  be  wetted,  and  the  fparks  will  be  confider- 
.*ably  longer  than  can  be  obtained  from  the  con" 
du^or  without  the  water.* 

Experiment     CXC. 

Stick  a  piece  of  fealing-wax  on  the  condu(5lor, 
in  fuch  manner  that  it  may  be  eafily  fet  on  fire 
by  a  taper  ;  while  it  is  flaming  turn  the  cylin- 
der, the  wax  will  become  pointed,  and  fhoot 
out  an  almoft  invifible  thread  into  the  air,  to 
the  length  of  a  yard  and  more.  If  the  fila- 
riMts  that  are  thrown  out  by  the  wax  are  re-= 
ceived  on  a  fheet  of  paper,  the  paper  will  be 
(Covered  by  them  in  a  very  curious  manner,  aad 
the  p^articles  of  the  wax  will  be  fo  far  fub-« 
divided  as  to  refemble  fine  cotton.  To  faflen 
the  piece  of  wax  conveniently  to  the  condudor, 
ilick  it  firfl  on  a  fmall  piece  of  paper,  then 
twift  the  end  of  the  paper  fo  as  to  fit  one  of  the 
holes  which  are  made  in  the  prime  conducHior ; 

when 
f  f  Nicholfon's  Introdij|lion  to  Philofophyi 
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when  it  is  thus  placed^  it  may  be  readily  iir€4 
by  a  taper.* 

•Experiment     CXCL 

Infulate  a  fountaiii,  made  by  condenfed  air, 
and  which  emits  only  one  ftream ;  eledtrlfy  the 
fountain,  and  the  flream  will  be  feparated  into 
a  great  number ;  thefe  will  difFufe  themfelves 
equally  over  a  large  fpace  of  ground.  By  lay- 
ing a  finger  upon  the  conduflor,  and  taking  it 
off  again,  the  operator  may  command  either 
the  iingle  fbream  or  the  divided  one,  at  plea- 
fiire. 

E?fPER^MENT       CXCII. 

EletSlrify  two  fmall  infulated  fountains  with 
the  different  electric  powers ;  the  ftreams  of 
both  will  be  difperfed  into  very  minute  parti- 
cles, which  will  run  together  at  the  top,  and 
pome  down  in  heavy  drops,  like  a  Ihower  of 
rain. 


ipHAP, 
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CHAP.      XIV. 

0/  the  Ek5tric  Light  in  Facm_, 

Experiment      CXC|1T. 

TA  K  E  a  tall  dry  receiver,  and.  infert  ia 
the  top,  with  cement,  a  wire  with'  a 
roiinded  end,  then  exhaufl  the  receiver,  and 
prefeBt  the  knob  of  the  wire  to  the  copduflor, 
Slid  every  fp.ark  will  pafs  through  the  vacuum. 
in  a  broad  fiream  of  light,  vifible  the  whole 
length  of  the  receiver..  The  ii.ream  often  di- 
vides itfelf  into  a  variety  of  beautiful  rivulets  j 
which  are  continually  dividing  and  iraiting  in 
a  moll  pleafmg  manner.  If  the  velTel  is  grafped 
by  the  hand,  at  every  fpark  a  pulfatiqn  is  felt, 
Hke  that  of  an  artery,  and  the  fire  bends  itfelf 
towards  the  hand.  This  pulfation  is  even  felt 
at  fome  dillance  from  the  receiver,  and  in  the 
dark,  a  light  is  feen  between  the  liarids  and  the 
c;lafs» 

From  fome  experiments  made  feveral  years 
fince  by  Mr.  Wilfon,  with  an  excellent  air- 
pump  of  Mr.  Smeaton,  he  obferved,  that  very 
fmall  differences  of  air  occalioned  very  material 
differences  in  the  luminous  effedts  produced  by 
the  eleiftric  fluid  ;  for  when  all  the  air  was  taken 

out 
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put  of  the  receiver,  which  this  pump  at  that 
fime  was  capable  of  extrading,  no  ele6lric 
light  was  vilible  in  the  (dark.  Upon  letting  m 
a  little  air  by  a  flop-cock,  ^  faint  jsledric  light 
was  vilible,  and  by  letting  in  a  little  more  air 
increafed  the  light,  which  again  decreafed  012 
letting  in  more  air ;  till  at  lafh,  on  admitting 
great  quantities,  it  intirely  vanifhed.  By  this 
experiment  it  appeared,  that  a  certain  limited 
quantity  of  air  was  neceffary  to  occaiion  the 
greateft  luminous  effed. 

EXPEJIIMENT        CXCIV". 

Fig.  82,  reprefents  an  exhaufted  receiver^, 
landing  on  the  plate  of  an  air  pump,  a  if  an 
eleflrified  wire  di^harging  a  ftream  ^  ^  of  the 
eleflric  fluid  on  the  plate  of  the  air  pump.  If 
the  ilratum  of  air  on  the  outfide  of  the  receiver 
be  lefTened  by  the  application  of  the  finger  tQ 
the  receiver,  and  by  this  means  an  opportunity 
be  given  tp  the  fluid  on  the  outfide  to  efcape^ 
•the  fluid  within  will  be  impelled  to  that  part, 
as  at  def.  It  has  been  inferred  from  this 
.experiment,  that  no  repulfive  power  exifts  be- 
tween the  particles  of  the  eleftric  fluid ;  bcr 
jcaufe,  if  it  was  in  itfelf  really  elaftic,  or  en- 
dowed with  a  repulfive  power  of  its  own,  it  is 
not  probable  it  could  pafs  in  an  uninterrupted 

ftream. 


±52  AN      ESSAY 

ftream,  as  at  ^  f,  when  the  reiiflance  was  ta-r 
ken  off;  it  would  then  fpread  wider,  and  difplay 
its  elaflic  power. 

It  is  more  confident,  fays  Dr,  Watfon,  to 
fuppofe,  that  the  repulfion  of  thefe  particles 
which  is  feen  in  the  open  air,  is  occafioned  by 
the  refinance  of  the  air,  and  not  to  any  natural 
tendency  of  the  eledricity  itfelf. 

The  following  experiment  of  Beccaria  con- 
veys a  clear  idea  of  the  refiftance  the  air  makes 
to  the  palTage  of  the  ele<5tric  fluid,  and  of  the 
diminution  of  tliat  refiftance  in  an  exhaufted 
receiver,. 

Experiment     CXCV^, 

Before  the  air  was  exhaulled  from  the  re-, 
ceiver,  if  the  wire  at  the  top  of  it  was  eledlri- 
fied,  a  diverging  brulh  proceeded  from  it,  about 
an  inch  long.  On  exhaufting  the  receiver  the 
following  changes  took  place  :  firft,  the  rays 
of  the  brulh  became  longer  ;  fecondly,  the 
rays  diverged  lefs,  were  fewer  in  number,  and 
the  fize  of  the  remaining  rays  was  increafed ; 
thirdly,  they  all  united  at  lafl,  and  formed  a 
continued  column  of  light,  from  the  wire  to 
the  plate  of  the  air  pump. 

From  this  experiment  it  is  clear,  that  the  air 
is  the  agent  by  which,   with  the  affiftance  of 

other 
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other  eleftrics,  we  are  able  to  communicate 
eledricity  on  ele(5trics,  as  well  as  non-ekd:rics ; 
for  when  this  is  removed,  the  fluid  pervades 
the  vacuum,  and  flies  off*  to  a  condderablc 
diftance. 

Experiment     CXCVI. 

To  dillinguilh  with  great  accuracy  the  charr* 
ges  in  the  form^  and  length  of  the  eledris 
fpark  when  it  is  pafling  through  a  receiver,  the 
air  of  which  is  more  or  lefs  rarefied  ;  fix  a  ball 
to  the  rod,  let  another  proceed  from  th-e  plate 
of  the  air  pump ;  the  balls  are  to  be  placed 
about  one  inch  from  each  other.  When  the 
vacuum  is  good,  a  fingle  uniform  ray,  of  a 
purple  colour,  pafles  from  one  bail  to  the  other  | 
but  in  proportion  as  the  air  is  admitted,  the 
ray  acquires  a  quivering  motion,  which  indi- 
cates that  a  refinance  to  its  motion  then  begins, 
and  this  interruption  is  followed  by  a  divifion  of 
the  ray  or  flream  ;  the  ray  now  acquires  a  more 
vivid  light ;  and,  laltly,  it  be-comes  the  commou 
fpark,  which  is  emitted  with  greater  or  lefs" 
facility,  in  proportion  to  the  power  of  the  ma- 
.chine,  and  the  reiiftance  of  the  air* 


i-Z- 
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Experiment      CXCVII. 

Prefentathmexhauftedflafk,  fimilarto  that  re- 
prefented  at  E,  fig.  49,  but  without  any  coating 
on  the  outlide,  to  the  condu6lor5  and  the  bottle 
will  be  luminous  from  end  to  end,  and  when 
taken  from  the  conductor,  will  continue  lumi- 
nous, moving  in  various  curvilinear  directions 
for  a  conliderable  time,  ilalhing  at  intervals  id 
a  manner  which  ver)^  much  refembles  the  Aurora 
Borealis.  The  light  may  be  revived  by  paffing 
the  flalk  through  the  hand.  The  ilrolie  of  the 
iluid  againll  the  glafs  is  very  ferifibly  heard  and 
felt  in  this  experiment 

The  flexuous  motions  of  the  eleftrlc  fluid 
In  an  exhauiled  receiver  may,  in  fome  degree, 
be  produced  at  pleafure.-  .  By  Averting  the  out- 
lide of  the  receiver,  the  fire  will  follow  the  di- 
redion  of  the  wetted  line,  as  the  refiflance  is 
now  lefTened  on  one  iRde ;  and  the  fire  can  ad- 
here and  accumulate  itfelf  on  the  infide  of  the 
receiver,  becaufe,  by  means  of  the  dampnefsy 
it  can  expel  a  portion  from  the  outlide. 

This  experiment  may  be  exhibited  very  pleaf- 
ingly,  by  making  a  toricellian  vacuum  in  a 
glafs  tube  about  three  feet  long,  and  then  fealec! 
hermetically.  Hold  one  end  of  this  tube  in: 
th,e  hand,  and  apply  the  other  to  the  condudor, 

a  ad 
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and  immediately  the  whole  tube  will  be  ilium i- 
iiated  from  erid  to  end,  and  will  continue  fo  for 
a  confiderable  time  after  it  is  removed  from  the 
conduflory  flalhing  at  intervals  for  many 
hoursi 


ExperirIent     CXC  VIII. 

Another  beautiful  appearance  may  be  pro- 
duced in  the  dark,  by  inferting  a  fmall  Leyden 
phial  into  the  neck  of  a  tall  receiver,  fo  that 
the  outward  coating  may  be  expofed  to  the 
tacuum,  Exhaull  the  receiver,  and  then  charge 
the  phial,  and  at  every  fpark  which  pafles  frorrii 
the  condudor  to  the  inlide,  a  flafh  of  light  is 
feen  to  dart  from  every  part  of  the  external 
furface  of  the  jar,  fo  as  to  fill  the  receivero 
Upon  making  the  difcharge,  the  light  is  fees 
to  return  in  a  clofe  body. 

ExPERIMEKf         CXCI3C  ■ 

A  very  perfe<5l  vacuum  for  the  paflage  of  the 
eledric  fluid  may  be  made  by  a  double  barome- 
ter, or  long  bent  tube  of  glafs  filled  with  mer- 
cury and  inverted,  each  leg  ftanding  in  a  balba- 
6f  mercury ;  the  bent  part  o£  the  tube  above 
the.  mercury  forms  a  compleat  vacuum.     If  2l 

bottk 
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bottle  is  difcharged  through  this  fpac€,  the 
light  appears  uniform  through  the  whole  fpace,- 
but  is  moft  vivid  when  the  difcharges  are  {Irong;^ 
Dr.  Watfon  infulated  this  apparatus,  and  then 
made  one  of  the  bafons  of  mercury  eommuni- 
cate  with  the  conduflor,  and  touched  the  other 
ivith  a  non-ele£lric  ;  the  eledtric  fluid  pervad'sd 
the  vacuum  in  a  continued  flame,  without  any  di- 
vergence :  when  one  of  the  bafons  was  connecfted 
with  the  infulated  cufliion,  the  fire  appeared  to' 
jpervade  the  vacuum  in  a  different  dire(5lion. 


Experiment      CC, 

rig.  83,  reprefents  a  glafs  tube,  fuch  as  is 
generally  ufed  for  barometers ;  on  the  end  h  a 
fleel  cap  is  cemented,  from  which  a  wire  and 
ball  c'd  proceed  irit6' the  tube.  Fill  this  tube 
with  quickfilver,  and  then,  by  fending  up  a 
large  bubble  of  air,  and  repeatedly  inverting  the 
tube,  free  the  quickfilver  and  iron  ball  froni 
air,  according  to  the  ordinary  mode  of  filling 
barometers  ;  then  place  a  fmall  drop  of  stker 
on  the  quickfilver,  and  put  the  finger  on  the 
end  of  the  glafs  tube,-  invert  the  tube,  and  then- 
infert  the  end,/  in  abafon  of  quickfilver,  taking- 
care  not  to  remove  the  finger  from  the  end  of 
the  tube,  till  the  end  is  imraerged  half  an-  mcli 

"under 
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tinder  the  filver.  When  the  finger  Is  removed, 
the  quickfilvef"  will  defcend,  and  the  ether' 
will  expand  itfelf,  leffen  the  vacuum^  and  de- 
prefs  the  mercury  in  the  tube ;  n-ow  prefent 
the  metallic  top  of  the  tube  to  a  large  charged 
conditflor,  and  a  beautiful  green  fpark  will  pafs 
frorri  the  ball  to  the  quickiilver.  By  admitting 
a  fmall  quantity  of  air  into  the  vacuum,  an 
appearance  fomething  fimilar  to  a  falling  ftar 
is  obtained.  I  an  indebted  for  this  valuable 
experiment  to  Mr.  Morgan,  of  the  Equitable 
AiTurance  Office, 

See  alfo  Ex.  no,  iii,  119,  120,  of  thisi 
EfTay,  for  further  obfervations  on  the  appear- 
ance of  the  eledric  light  in  vacuo. 


CHAP. 
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CHAP.      XV. 
Of  Medical  EleBridiy, 

THE  Abbe  NoUet  fays,  that  he  received 
more  piealure  when  he  difcovered  that  the 
motion  of  fluids  m.  capillary  tubes,  and  the 
infenfible  tranfpiration  of  animated  bodies  were 
augmented  by  eled:ricity,  than  by  any  other 
difcovery  he  had  made ;  becaufe  they  feemed  to 
promife  fuch  abundant  advantages  to  mankind, 
when  properly  applied  by  a  Ikilfui  hand.  Buc 
how  much  would  this  pleafure  have  been  aug- 
mentedj  if  he  had  lived  to  fee  his  hopes  rea- 
lized, and  this  branch  of  eiedricity  obtain  the 
fame  medical  certainty  as  the  bark  in  inter- 
mittents ! 

it  is  true,  that  like  every  other  limpie  me- 
dicine v/hich  has  proved  beneficial  to  mankind,  • 
Ele^ricity  met  -vvith  much  oppofition  from  the 
intereiled  views  of  fome,  and  the  ignorance 
of  others ;  has  been  treated  with  contempt,  and 
injured  by  mifplaced  caution.  I  fliali  recom- 
mend to  thofe  who  thus  oppofc  it,  not  to 
condemn  a  fubje^t  of  which  they  are  ignorant, 
but  to  hear  the  caufe  before  they  pafs  fentence ; 
to  take  fonie  pains  to  underlland  the  nature  of 

eledricity  ; 
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eledtf  icity  ;  to  learn  to  make  tiie  eledlrical  ma-  " 
chine  z6t  well,  and  then  apply  it  for  a  few- 
weeks  to  fome  of  thofe  diforders  in  which  it  has 
been  adminiilered  with  the  greatest  fuecefs ; 
and  there  is  no  doubt  but  they  would  foon  be 
convinced  that  it  deferves  a  diftinguiflied  rank 
in  medicine,  which  is  the  offspring  of  phi- 
lof6phy« 

The  fcience  of  medicine  and  its  pradltioners 
have  been  reproached  with  the  inftability  and 
fludtuations  of  practice ;  at  one  time  cold  as  the 
ice  at  Zembla,  at  another  hot  as  the  Torrid 
Zone  ;  that  they  are  led  by  falhion,  and  influ- 
enced by  prejudice*  On  this  ground  it  has 
been  predided,  that  however  great  the  benefits 
which  may  be'  derived  from  eiedricity,  it 
would  ftill  only  laff  for  the  day  of  fafliion,  and 
then  be  coniigned  to  oblivion.  I  muft  confefs, 
that  I  cannot  be  of  this  opinion,  nor  eafily  led  ' 
to  think, a  let  of  men  whofe  judgment  has  been 
matured  by  learning  and  experience,  will  ever 
negledl  an  agent,  which  probably  forms  the  mofl 
important  part  of  our  conllitution.  Eleftricity 
is  an  aftive  principle,  which  is  neither  generated 
nor  deftroyed ;  which  is  every  where,  and  al- 
ways prefent,  though  latent  and  unObfcrved ; 
and  is  in  motion  by  night  and  day,  to  maintain, 
an  equilibrium  that  is  continually  varying.  To 
give  one  inftance,  among  many,  it  has  been 
S  z  Ihewn, 
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iliewn,  that  the  rain  which  defcends  in  a  florm 
is  llrongly  impregnated  with  eleclricity,  and 
thus  brings  down  w'hat  the  heated  vapours  car- 
ried up  into  the  air,  till  the  deficiency  of  the 
earth  is  fupplied  from  the  fuperfluity  of  the 
heavens.  A  variety  of  other  caufes  concur  to 
vary  continually  the  equilibrium  of  this  fluid  5 
as  the  perpetual  intefline  and  bfciliatory  motion, 
whicji  contributes  fo  much  towards  carrying  on 
the  operations  of  nature.  Further,  if  a  parti- 
cular portion  of  this  fluid  is  difl:ributed  to  every 
fubllance,  then  every  alteration  of  its  capacity j- 
which  is  continually  changing  by  heat  or  cold, 
mull  move  and  operate  on  it. 

As  heat,  or  fire  in  aflion  is  the  firft  mover 
in  the  animal  machine,  and  the  chief  adive 
principle  during  its  exifrence,  and  as  eled:ricity 
exhibits  fo  many  phoenomena,  which  cannot 
be  difliinguifhed  from  thofe  of  fire,  we  are  na- 
turally led  to  conceive  high  ideas  of  the  im- 
portance of  this  fluid  to  medicine.  Though 
the  vital  ftate  of  it  is  not  to  be  ellimated 
by  the  degree  of  heat,  abftra<5ledly  confider- 
ed,  becaufe  the  degree  of  heat  only  afcer- 
tains  the  quantity  which  is  ading  in  a  peculiar 
manner. 

It  is  knov/n,  that  this  Vivifying  principle 
haflens  the  vegetation  of  plants.  Myrtie-treesy 
ivhich   were   eledrified,    budded   fooner   thin 

others" 
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others  of  the  fame  kind  and  fize,  and  in  the 
fame  green-hoiife.       Seeds,    daily    eleftrified, 
have  fhot  up,    and  grown  more  in  three  or  four 
days,  than  others  of  the  fame  kind,  and  alike 
in  all  other  circumftances,  have  done  in  eleven 
or  twelve  days.       In   the  fame   manner   Mr. 
Achard   has  Ihewn,  that  it  may  be  ufed  as  a 
fupplement  for  heat,  to  hatch  the  chicken  from 
the   egg.      The   fuppofition   of  an   ingenious 
writer  is  by  no  means  improbable,  that  the  ve- 
getating power  which  is  operating  during  the 
whole  year  in  ever-greens,  may  arife  from  thefe 
trees  having  more  refin  in  their   compofition 
than  thofe  whole   leaves    fall    in   autumn,  by 
which  they  are  enabled  to  attra6t  and  retain 
thofe  juices  which   give  them   their  continual 
verdure,  and  fupply,  in  fome  degree,  the  ab- 
fence   of  folar   heat.      This   may   be    inferred 
from  their  natural  properties,  and  is  confirmed 
by  the  ftrong  eledlric  power  pofleffed  by  their 
leaves.     The  fame  writer  thinks,  that  the  Huid 
coUefted  in  our  electrical   experiments  is  only 
thofe  folar  rays  that  have  been  difperfed  in,  and 
are  arrefled  by   the    earth  ;  an  idea  which  is 
ftrongly  corroborated  by  the  obfervations  made 
on   atmofpherical   eleflricity,    and  by  the  de- 
duftions  which  have  been  made  from  the  rela- 
tive affinities  of  fire^  light,  and  heat, 
' '"S3  "  The 
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The  agency  of  this  fluid,  and   its  exiflence 
in  animated  nature,    has  been  full)'  proved  by 
the  experiments  that  have  been  made  on  the 
Torpedo  and  the  gymnotus  eleclricus  ;  for  the 
iimilitude  eflabliflied  between  the  ^ledtrical  fluid 
of  the  Torpedo  and  that  of  nature  at  large,  is 
fuch,  that,  in  a  phyiical  fenfe,    they  may  be 
coniidered  as  precifeiy  the  fame,      Mr,  Hunter 
has  well  obferved,  fays  Sir  J.  Pringle,  and  I 
think  he  is  the  fi-rfl  who  has  made  the  obferva- 
tion,  that  the  magnitude  and  number  of  the 
nerves  beflowed  on  thofe  eledlric  organs,  in  pro^ 
portion  to  their  fize,  mufl:  appear  as  extraordi- 
nary as  their  effects  ;    and  that,  if  we  except 
the  important  organs  of  our  fenfes^  there  is  no 
partj  even  of  the  moft  perfe<5i:  animal,  which,  for 
its  fize,  is  more  liberally  fupplied  with  nerves  than 
the  Torpedo ;  nor  yet  do  thefe  nerves  of  the  elec- 
tric organs  feem  neceflary  for  any  fcnfation  that 
can  belong  to  them  ;  and  with  refped:  to  adiion, 
Mr.  Hunter  obferves,  that  there  is  no  part  of 
any  animal,   however  flrong  and  conflant   its 
acflion  may  be,  which  enjoys  fo  large  a  portion 
of  them.     If  then   it  be  probable,  that  thefe 
nerves  are  unneceflary  for  the  purpofe  either  of 
fenfation  or  aftion,  may  we  not  -conclude,  that 
they  are  fubfervient  to  the  formation,  colleftion, 
and.  maiifrgement  of  the  eledric  fluid  ?  efpe- 
cially,  as  it  appears  from  Mr,  Walfli's  experi- 
ments. 
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nients,  that  the  will  of  the  animal  commaRds 
the  eledlric  poweb  of  its  organs.  If  thefe  re- 
ficiflioris  are  juH,  we  may  with  fome  probabi- 
lity foretell,  that  no  difeovery  of  confequence 
will  ever  be  made  by  futur'e  phyfiologifls  con- 
cerning the  nature  of  the  nervous  fluid,  with- 
out acknowledging  the  lights  they  have  bor- 
rowed from  the  experiments  of  Mr,  Wallh 
iipon  the  living  Torpedo,  and  the  difledlion  of 
the  dead  animal  by  Mr,  Hunter.  * 

A  variety  of  curious  fadts  clearly  evince, 
that  the  ele6:ric  fire  is  eflentially  conneded 
with  the  human  frame,  and  is  continually  ex- 
erting its  influence  upon  it,  Mr,  Brydone  men- 
tions a  lady,  who,  on  combing  her  hair  in 
frofly  weather  in  the  dark;,  had  fometimes  ob- 
ferved  fparks  of  fire  to  iffue  from  it ;  this  made' 
him  think  of  attempting  to  colleifl  the  electrical  ■ 
fire  from  hair  alone,  without  the  affiftance  of 
any  other  eledtrical  apparatus.  To,  this  end,  he 
defired  a  young  Tady  to  ftand  on  wax,  and 
comb  her  fifter's  hair,  who  was  fitting  in  a  chair 
before  Eer  ;  foon  after -Ihe  had  begun  to  comb, 
the  yoiing  lady  On  the  wax  was  furprized  to 
find  her  whole  body  eled:rified,  and  darting  out 
fparks  of  fire  againil  every  ooje6l  that  ap- 
proached her.  The  hair  was  flrongly  ele(£trical, 
and  affected  an  eleftrometer  at  a  confiderable 
diilance.  He  charged  a  metallic  conductor  from 
S  4  itj 

*  Sir  John  Pringle's  Difcourfes,  p,  84. 
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it,  and  in  the  fpace  of  a  few  minutes  colledle4 
a.  fufficient  quantity  of  fire,  to  kindle  common 
fpirits,  and  by  means  of  a  fmall  jar,  gave  many 
fmart  flrokes  to  all  the  company. 

Mr.  Cavallo  obtained,  by  means  of  a  fmaU 
condenfing  plate,  very  fenlible  figns  of  elediri- 
city  from  various  parts  of  his  own  body,  and 
the  head  of  almoft  any  other  perfon. 

When  the  difoveries  in  this  fcience,  fays  Mr. 
Brydone,  are  further  advanced,  we  may  find, 
t]iat  what  we  call  fenfibility  of  nerv£S^  and  ma- 
Bj  other  difeafes,  which  are  known  only  by 
name,  are  owing  to  the  bodies  being  poffeffed 
of  too  large  or  too  fmall  a  quantity  of  this  fubtle 
jfiuid,  which  is  perhaps  the  vehicle  of  all  our 
feelings.  •  It  is  known,  that  in  damp  and  hazy 
weather,  when  this  fire  is  blunted  and  abforbed 
by  the  humidity,  its  adivity  is  lelTened,  and 
what  is  collected  is  foon  diffipated ;  then  our 
d^irits  are  more  knguid,  and  our  fenfibility  is 
lefs  acute^  And  in  the  fierce  wind  at  Naples, 
when  the  air  feems  totally  deprived  of  it,  the 
whole  fyllem  is  unflrung,  and  the  nerves  feem 
to  lofe  both  their  tenfion  and  elaflicity,  till  the 
oorth-weft  wind  awakens  the  adivity  of  the  ani- 
mating power,  which  foon  reftores  the  tone, 
and  enlivens  all  nature,  which  feem.ed  to  droop 
and  languiih-  in  its  abfen'ce  :  nor  can  this  ap- 
pear furprizing,  if  it  is  from  the  different  ftate 

of 
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cf  this  fire  in  the  human  body,  that  the  {tri(5lum 
g.nd  laxum  proceeds,  and  not  from  any  alter- 
ation in  the  fibres  themfelves,  or  their  being 
more  or  lefs  braced  up,  (among  which  bracers 
eold  has  been  reckoned  one)  though  the  muf- 
cular  parts  of  an  animal  are  more  braced  when 
they  are  hot,  and  relaxed  when  they  are  cold. 

Mr.  Jalabert  and  Profeflbr  Sauffure,  whea 
paffing  the  Alps,  were  caught  amongll  thun- 
der-clouds, and  found  their  bodies  full  of 
eledrical  fire  ;  fpontaneous  flaflxes  darting  from 
thjeir  fingers,  with  a  crackling  noife,  and  the 
fenfations  they  felt  were  the  fame  as  whea 
ilrongly  eleftrified  by  art.  It  feems  pretty  evi- 
ident,  that  thsofe  feelings  were  owing  to  their  bo-, 
dies  containing  too  great  a  {hare  of  eledrical 
6re ;  and  it  is  not  improbable,  that  many  of 
our  invalids  owe  their  feelings  to  the  oppofiUf 
!Q.aufe- 
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Pafs  the  charge  of  a  large  jar,  or  batter}', 
fjom  the  head  to  the  back  of  a  moufe  ;  this, 
if  the  Ihock  is  fufficiently  ftrong,  will  kill  the 
animal.  After  its  death,  make  the  difcharge 
in  the  fame  manner,  and  the  fluid  will  pafs  vi- 
^bly  over  the  body,  and  not  through  it  ;  evin- 
cing, 
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cin^5  that  the  power  or  medium  which  trani* 
mitted  the  ihock  through  the  ammal,  is  idit 
with  its  life.  This  experiment  is  taketi  from 
Mr.  Cavallo^s  treatife  on  medical  eie^trieity. 
Its.  importance  is  felf-^evidentj  and  it  certamly 
merits  a  further  inveftigation^  by  thofe  who  are 
acquainted  with  the  apirnal  qeconomy,  as  well 
as  eleflricity. 

The  following  experiment  ihews,  that  the 
eleftric  fluid  paffes  through  that  feries  of  muf- 
cles  which  form  the  Ihorteft  paffage  for  it,  and 
•whofe  conducing  power,  ox  eleftric  capacity ;,; 
is  moft  favourable  to  it. 

Experiment      CCII.  --"I 

Let  A  grafp  a  Leyden  phial  with  his  right 
hand,  and  touch,  with  a  brafs  rod  held  in  his. 
left  hand,  the  naked  right  foot  of  B;  let  the 
left  foot  of  B  communicate  by  a  brafs  rod  with 
the  right  foot  of  C  ;  let  D  with  his  right  hand 
hold  the  left  ear  of  C,  and  touch  the  knob  of  the 
bottle  with  his  left  hand  :  A  will  feel  the  Ihock 
in  the  mufcles  of  the  right  hand  and  arm,  of 
the  thorax,  and  of  the  left  hand  and  arm ;  B 
will  feel  the  commotion  in  the  mufcles  of  his 
right  foot,  right  leg  and  thigh,  and  thofe 
which  are  conhefted  with  the  left  thigh,  leg, 
and  foot,  while  C  will'  perceive  it  in  that  feries ' 

which 
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:5vhkh  goes  from  the  leg  to  the  ear  by  which 
he  communicates  with  D.  The  aftion  of  the 
jRuid  on  the  human  body  in  the  fhock,  is  the 
fame  when  it  palTes  through  iimilar  parts  with 
the  fame  denfity.  Its  ad;ion  is  more  extenfive 
when  the  fire  is  denfeft,  and  therefore  moil  in- 
tenfe  when  it  meets  with  any  reiiflance. 

Aflifted  by  a  furgeon,  Beccaria  made  feveral 
e:xperiments  upon  the  efFedts  produced  by  elec- 
tricity on  the  mufcles  in  the  left  leg  of  a  cock- 
The  mufcles  were  ilrongly  contra(^ed  when  a 
ihock  was  paffcd  through  them,  and  the  con- 
tradion  was  always  accompanied  by  a  fudden 
and  proportional  fwelling  of  the  mufcles,  ex- 
■eepting  at  the  part  where  the  membrane  is  in- 
ferted,  which  feparates  one  mufcle  from  ano- 
ther'j  which  was  always  deprelTed.  The  mem- 
brane which  in  veiled  that  part  of  the  mufcle 
through  which  the  fluid  palTed,  became  dry 
and  wrinkled,  and  a  vapour  arofe  from  that 
part ;  when  one  mufcle  was  contradled,  a  ge- 
neral centradion  took  place  in  thofe  that  were 
contiguous  to  it,  and  they  were  a  little  con- 
vulfed  after  the  fhock. 

In  another  inftance,  where  the  mufcle  was 
relaxed  and  parted  from  the  thigh,  on  pafhng 
the  fhock  through  it  the  mufcle  contracted  it- 
ielf,  and  was  drawn  back  into  its  natural  place, 
and  could  not  be  again  difplaced  but  by  force ; 
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a  circumftance  which  ilrongly  manifells  the 
power  of  elecftricity  to  give  tone  to  a  flaccid 
iibre.  indeed,  when  we  confider,  fays  a  very 
fenfible  writer,  that  the  mufcles  have  been 
l^rought  into  adiion  by  the  eledric  fire,  that  it 
has  rendered  paliied  limbs  plump,  and  reftored 
a  power  of  aftion  and  motion  to  many,  whofe 
palfies  did  not  arife  from  the  fpinal  marrow. 
Is  it  not  a  convincing  proof,  that  the  vital  fire 
is  the  catife  of  mufcular  motion,  and  that  this 
is  the  fame  with  that  which  is  colied:ed  by  the 
eledlrical  machine  ? 

As  the  fcience  of  medicine  knows  of  no 
Specific,  fo  we  are  not  to  fuppofe,  that  eleclri- 
city  will  triumph  over  every  diforder  to  which 
it  is  applied.  Its  fuccefs  will  be  more  or  lefs 
extenfive,  according  to  the  difpofition  of  the 
fubjeft,  and  the  talents  of  thofe  who  diredl  it  j 
it  cannot  therefore  appear  furprifing,  that  many 
diforders  have  been  refracftory  to  its  powers^ 
a-nd  others  have  only  yielded  in  a  fmall  degree  ; 
or,  that  the  progrefs  of  the  cure  has  often  been 
jftoppedby  the  impatience,  or  prejudice,  of  the 
difeafed  :  but,  at  the  fame  time,  it  muft  be  ac- 
knowledged, that  even  in  its  infancy,  when 
it  had  to  combat  againll  fear,  prejudice,  and 
interefl,  its  fuccefs  was  truly  great  :  we  have 
furely  then  the  higheft  reafon  to  expeft  a  con- 
fiderable  increafe  of  fuccefs^  now  that  it  is  cul- 
'--"^V-.  tivatcd 
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tivated  and  promoted  by  profeffional  men  of 
the  firfl:  merit. 

Experiment      CCIII. 

This  experiment  fhews,  that  the  ele(S:ric 
powers  may  be  put  in  adtion  by  heat  and  cold^ 
it  was  originally  made  by  Mr;  Canton.  He 
procured  fome  thin  glafs  balls,  of  about  aa 
inch  ahd.  a  half  diarrieter,  with  ftenis  or  tubes, 
of  eight  or  nine  inches  in  length,  and  ele{5i:ri- 
fied  them,  fome  pofitively  on  the  iniide, 
others  negatively,  and  then  fealed  them  herme- 
tically ;  foon  after  he  applied  the  naked  balls  to 
his  eleflrometer,  and  could  not  obferve  the 
leafl:  fign  of  their  being  eletlrical ;  but  holding 
them  at  the  fire,  at  the  diftanee  of  five  or  fix 
inches,  they  became  ftrdiigly  eleftrical  in  a 
a  fhort  time,  and  more  fo  wheii  they  were  cool- 
ing. Thefe  balls  would,  eviery  time  they  were 
heated,  give  the  eleftric  power  to,  or  take  it 
from,  other  bodies,  accotding  to  the  plus  or 
minus  ftate  of  it  within  them.  Heating  them 
frequently  diminilhed  their  power,  but  keeping 
one  of  them  under  water  a  week  did  not  in  the 
leaft  impair  it.  The  balls  retained  their  virtue 
above  fix  years.  The  tourmalin,  and  many 
other  precious  flones,  are  alfo  known  to  acquire? 
ekdricity  by  heat.     The  tourmalin  has  always, 

at 
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at  the  fame  time,  a  politive  and  negative  elec* 
tricity  ;  one  fide  of  it  being  in  one  liate,  the 
other  in  the  oppOfitea  Thefe  powers  rhay'^be 
excited  by  friftion  and  by  heat ;  nay^  ©ven  by 
plunging  it  in  boiling  water* 


Experiment      CCIV^ 

Ififiilate  a  fenfible  mercurial  thermoitierer^ 
snd. place  the  bulb  between  two  balls  of  wood^ 
one  aiExed  to  the  condud;or,  the  other  com-' 
municating  with  the  ground,  and  the  eleftrie 
fluid,,  in  pafhng  between  the  two  balls^  will  raifc 
the  mercury  in  the  thermometer  confiderably* 
With  a  cylinder,  of  about  feven  inches  and  a 
half  in  diameter,  the  fluid  palling  from  a  ball 
of  lignum  vit^  to  a  ball  of  beech,  and  thence 
to  the  ground,  elevated  the  quickfilver  in  the 
thermometer  from  68°  to  iio°,  repeatedly  to 
205.  The  thermometer  was  raifed  from  68'^ 
to  85°,  by  the  fluid  palling  from  a  point  of  boxT- 
to  a  point  of  lignum  vitse  ;  from  67°  to  ico°, 
from  a  point  of  box  to  a  ball  of  box  ;  from 
66'^  to  100°,  from  a  ball  of  box  to  a  brafs 
point;  from  69°  to  iOo°,  from  ball  to  ball; 
the  bulb  of  the  thermometer  covered  with 
.flannel. 

A 
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A  Ult  of  difeafes,  in  Vvrhich  it  has  been  fuc- 
cefsful,  is  given  by  fome  writers,  but  I  refrain, 
from  following  their  example,  becaufe  I  under- 
fland  there  is  a  rational  fyftem  formed  on  the 
experiments  of  the  iaft  four  years ;  to  compre- 
hend which,  a  knowledge  of  difeafes,  "  their' 
caufes  and  fymptoms,  is  requilite. 

In  this  fyitem,  it  is  ranked  as  an  anti-fpafmo- 
dic,  is  coniidered  as  the  moft  powerful  external 
application  to  difeafes,  and,  from  the  various 
manners  in  which  it  is  ufed,  ferves  the  purpofes 
of  a  fedative^  a  ftimuiant,  and  a  deobftruent. 
In  medicine,  it  becomes  then  sippticabie  to 
pallies,  rheumatifms,  intermittents ;  to  fpafm* 
obilruftion,  and  inflammation.  In  furgery  it 
has  confiderable  fcope  'for  adlion  ;  where  con- 
tra^ions  and  fprains,  tumors,  particularly  of 
the  glandular  fort,  wafting  of  the  mufcies, 
and  other  incidents,  form  a  catalogue  of  vifibk 
difeafes,  as  diflreffing  to  the  iight  of  others  as 
to  the  patients  themfelves.  The  gout,  and  the 
fcrophula,  or  king's  evil,  two  difeafes  which 
have  tormxented  mankind,  and  been  thedifgrace 
of  medicine  to  the  prefent  time,  are  ranked 
among  thofe  to  which  this  remedy  is  applica-* 
bk  ;  and  in  the  commencement  of  the  com- 
plaints, I  am  informed,  has  been  wonderfully 
fuccefsfuL  To  remove  ill-placed  fits  of  the 
gout,  it  Hiould  feem,  to  be  a  more  rational  ap- 

plicatioa 
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plication  than  any  medicine,'  for  it  applies  di-«' 
jredtly  to  the  feat  of  the  difeafej-  with  a  power 
and  rapidity  unknoWfi  iri  phyfic,  and  perfectly 
manageable  at  difcretiod ;  and,  as  it  is  a  reme-^ 
dy  whieh  applies  to  the  underltanding  as  wel! 
ss  to  the  feelings,  I  fhould  think  it  better  wortli 
the  attention  and  contemplation  of  men  of  li- 
beral education,  than  the  compounding  a  medi- 
cincj  in  which  they  place  little  faith,  of 
applying  a  piaiHer,  in  which  they  have  none 
at  alb 

The  fuccefs  of  eledlricity,  ifi  relieving-  the 
fufferings  of  mankind,  has  been  conliderably 
promoted,  and  its  operations  rendered  more 
rapid,  fenlible,  and  efficacious,  by  applying  it 
in  different  manners  and  quantities  to  the  hu- 
man frame.  The  modes  formerly  ufed  were 
the  fhock,'  the  fpark,  and  folnetimes,  thougli 
very  feldom,  fimple  eledtrification.  Thefd 
modes  are  now  varied,  and  their  number  aug- 
mented. The  flream  of  the  eleflric  fluid  may^ 
without  a  fhock,  be  made  to  pafs  through  any 
part  of  the  body  ;  it  may  alfo  be  thrown  upon, 
or  extradted  from  any  part,  and  its  a6lion  in 
each  cafe  varied,  by  caufing  the  fluid  to  pafs 
through  materials  which  refifl  its  palTage  in  dif- 
ferent degrees  ;  it  may  be  applied  to  the  naked 
integuments-,  or  to  theikin  covered  with  dif- 
ferent relifling  fubllances ;  and  its  power  may . 
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DC  rarefied  or  cond'enfed,  cdnfined  tb  one  fpot, 
br  applied  in  a  more  difFulive  rnanner^-  at  the 
difcretion  of  the  operator. 

The  apparatus  neteffary  frfr  this  purpofe  is 
fimple,  and  confiils  of  the  following  articles; 

1 .  An  eleftrical  machine,  with  an  infulated 
cufliibn,  properly  confl:ru6led  to  afford  a  con- 
tinued and  ftrong  ftream  of  the  eledrical 
fluids 

2.  A  flooi  with  infukting  feet,  bt  rathef  aa 
arm  chair  fixed  on  a  large  infulating  flool. 
The  infide  part  of  the  back  of  the  chair  fhould 
move  on  a  hinge,  that  it  may  occafionally  let 
down  to  eledrify  conveniently  the  back  of  the 
patient  :  the  arms  of  the  chair  fhould  alfo  be 
made  longer  than  is  ufual; 

3.  A  Ley  den  bottle  with  an  eledlrometer. 

4.  A  pair  of  large  directors  and  wooden 
points; 

5.  A  few  glafs  tube^  of  different  bores^  fbm^ 
of  them  with  capillary  points. 

To  thefe  may  be  added^  arl  Un'iverfal  difw 
charger  on  a  large  fcale^  a  pair  of  fmali  direc- 
tors with  fil'Ver  wires^  and  a  pair  of  infulating 
forcepsi 

Fig.  93  fepreferits  the  direcflors,  the  handles 
sre  of  glafs.  A  is  a  brafs  wire  with  a  ball  oil 
its  end.  The  wire  of  one  is  bent,  for  the  more 
Konveniently  throwing  the  eledric  fluid  on  th^ 

T  eye* 
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eye,  &c.  The  balls  may  be  unfcrewed  froin 
the  wires,  and  the  wooden  point  B  fcrewed  in 
its  place,  or  the  pointed  end  of  the  brafs  wire 
may  be  ufed.  The  directors  fhouid  always  be 
held  by  that  extremity  of  the  glafs  handle 
which  is  fartheft  from  the  brafs,  and  care 
ilioiild  be  taken  that  the  heat  of  the  hand  does 
not  make  them  moifl:. 

Fig.  85  is  the  medical  bottle,  furnilhed 
with  an  eied:rometer,  to  limit  the  force  of  the 
•ihock,  and  enable  the  operator  to  give  a  fuc^ 
ceffive  number  of  them  of  the  fame  force.  C 
is  a  bent  piece  of  glafs,  on  the  upper  part  of 
which  is  cemented  a  brafs  focket  D,  furnifhed 
Xvith  a  fpring  tube  E ;  the  wire  F  moves  in 
this  tube,  fo  that  the  ball  G  may  be  fet  at  £t 
convenient  diftance  from  the  ball  H.  The 
end  I  of  the  bent  piece  of  glafs  is  alfo  furniflied 
with  a  fpring  tube,  which  flides  upon  the  wire 
K,  communicating  with  the  infide  of  the 
bottle. 

To  ufe  this  bottle,  place  the  ball  H  in  contad 
with  the  conduftor,  or  conned  them  together 
by  a  wire,  and  then  chatge  it  in  the  ufual  man- 
ner. Now,  if  a  wire  proceeds  from  the  ball 
L  to  the  outfide  coating,  the  bottle  will  be  dif- 
charged  whenever  the  fluid  has  acquired  fuffici- 
ent  force  to  pafs  through  the  fpace  of  air  be- 
tvYeen  the  two  balls ;    confequently  the  ilioek 

4S 
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is  flronger  in  proportion  as  the  diftance  between 
the  two  balls  is  increafed. 

It  is  obviouSj  that  when  the  eledrometer  is 
thus  connefted,  it  adls  in  the  fame  manner  as  a 
common  difcharglng  rod^  and  forms  the  com- 
taunication  from  the  outiide  to  the.  iniide  of 
the  bottle  ;  with  this  difference  onl}'-,  that  the 
diflance  of  the  end  which  is  to  communicate 
with  the  infide  may  be  limited  and  regulated. 
The  fliock  may  be  given  to  any  part  of  the  hu- 
man body  by  introducing  that  part  of  the  body 
into  the  circuit  which  is  made  between  the  outiide 
and  infide  of  the  bottle;  This  is  conveniently 
effected,  by  connefling  one  director  by  a  piece 
of  wire  with  the  eledrometer,  and  the  other  td 
the  outfide  of  the  bottle  ;  then  hold  the  direc- 
tors by  their  glaft  handles,  and  apply  the  balls 
of  them  to  the  extremity  of  the  parts  through 
which  the  ihocks  are  to  be  paffed; 

The  fdrce  of  the  ihock,  as  we  have  already 
obferved,  is  augmented  or  diminilhed  by  in- 
creafing  or  leffening  the  diftance  between  the 
tw^o  balls,  w^hich  muft  be  regulated  by  the  ope- 
rator to  the  ftrength  and  fenfibility  of  the  pa- 
tient; 

The  handles  of  the  direflors  Ihould  be  care- 
fully dried,  as  alfo  the  bent  piece  of  glafs  C, 
and  thofe  parts  of  the  bottle  which  are  above 
fche  coating*     It   is  likewife  neceffary  to  prefs 
T  2       '  the 
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the  ends  of  tlie  dire^ors  agalnil  the  partj  to 
convey  the  ihock  more  readily* 

Some  gentlemen  have  thought  the  ele^ric 
forceps  a  very  convenient  inftniment  to  condu<ft 
the  lliock  through  any  particular  part  of  the 
body.  Their  ufe  is  evident  from  an  infpedioa 
of  fig.  8  6» 

The  following  mode  of  extraSing  the  con- 
denfed  fluid  from  the  inlide  of  a  charged  Ley- 
den  jar  has  been  found,  in  certain  circumilances, 
peculiarly  advantageous.  Conned:  a  diredlor^ 
by  means  of  a  wire,  with  the  ball  of  a  Leyden 
jar,  charge  the  jar,  either  compleatly  or  parti- 
ally, and  then  apply  the  ball  or  point  of  the 
condudoj  to  the  part  intended  to  be  ele(flrified, 
^odtheiluid,  which  was  condenfed  in  the  phial  ^ 
will  be  thrown  on  the  part  in  a  denfe  flow 
Uream,  attended  with  a  pungent  fenfation, 
ivhich  produces  a  confiderable  degree  of 
warmth-  If  a  wire,  that  communicates  with 
the  ground,  is  placed  opposite  to  the  end  of 
the  diiedlor,  the  paflTage  of  the  fluid  will  be 
rendered  more  rapid^  and  the  fenfation  fl:ronger» 
It  is  obvious,  that  in  this  cafe  the  circuit  be- 
tween the  iniide  and  the  outiide  of  the  jar  is 
not  compieated,  therefore  the  ihock  will  not  be 
felt^  The  condenfed  fluid  pafles  in  a  denfe 
flow  ftream  through  the  required  part,  while 
the  outflde  acquires  a  fufhcient  quantity,  from 

the 
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the  conducing  fubHances  near  it,    to  reflore 
the  equilibrium. 

To  pafs  a  ilream  of  the  ekdtric  fluid  through 
any  part  of  the  human  body,  conned:  one  di- 
redior  by  2  wire  with  the  poiitive  condudor^ 
and  another  direftor  with  the  negative  conduc- 
tor,  or  infulated  cuihion,  then  place  the  end  of 
the  diredors  at  the  extremities  of  the  part,  and 
turn  the  cylinder,  the  fluid  will  pafs  through 
the  part  from  one  diredor  to  the  other. 

To  throw  the  fluid  on  any  part  of  the  body, 
conne6l  the  dire£l:or  with  the  pofitive  conduc- 
tor, turn  the  cylinder,    and  then  prefent  the 
brafs  end  of  the  direftor  towards  the  patient, 
and  the  fluid  will  pais  between  the  b^ll  and  the 
patient.     Or-  you  may  infulate  the  patien,t,  and 
then  draw  the  communicated  el.e<Sricity  from 
him  by  the  directors.     In  this  caie,  a  wire  ihould 
pafs  from  the  brafs  part  of  the  direftor  to  the 
ground,  or  to  the  hand  of  the  operator.     In 
either  of  thefe  cafes,  the  quantity  of  ^h^  fluid 
and   its   mode   of  adi^ion   may   be  varied,  by 
making  the  fluid  pafs  through   points,  or  b;ills 
of  metal   or   of  wood,    or   by    covering    the 
fkin  with    flannel  ;    whenever    the   flefh-brulli 
is  advifed,  it  is  highly  probable  that  covering 
the  aifefled  part  with  flannel,  and  then  rubbing 
k  with  the  ball  of  a  diredor,   conneded  with 
the   machine,    would   have   a   fuperior   eifed. 
T  3  The 
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The  refiftance  to  the  fluid's  motion  may  be  va-? 
ried  by  increafing  the  thicknefs  of  the  cover? 
ing,  or  the  nature  of  the  fubftance  through 
which  it  is  to  pafs. 

Some  peculiar  effefts  have  taken  place  from 
the  application  of  the  interrupted  fpark ;  that  is, 
a  fpark  received  from  a  fecond  condudtorj, 
placed  within  the  llriking  diftance  of  the  prime 
condudor:  It  is  not  improbable,  that  in  this 
cafe  the  condenfation  and  expanfion  of  the 
fpark  may  be  more  rapid  than  when  it  is  re- 
ceived ^from  the  prime  conductor  alone.  The 
dire6tor,  when  the  interrupted  fpark  is  requiredj 
Ihouid  be  connected  with  the  fecond  condudor, 
and  then  ufed  as  in  other  cafes. 

Fig.  87  reprefents  an  univerfal  difcharger 
upon  a  large  fcale,  with  a  patient  fitting  bc'^ 
tween  the  two  pillars,  one  ball  reiling  at  A,  the 
other  being  placed  at  B.  The  convenience  of  this 
apparatus  is  obvious,  from  an  infpeftion  of  the 
figure;  for  as  the  joints  have  both  an  horizon-r, 
tal  and  vertical  motion,  and  the  wires  pafs 
through  two  fpring  fockets,  they  may  therefore 
be  placed  in  any  diredtion,  and  the  balls  fixed 
in  any  required  fituation.  Hence,  by  conned:-? 
ing  one  wire  with  a  poiitive  conductor,  aiid  the 
other  with  a  negative  one,  or  one  with  the  bot- 
tom of  a  Leyden  bottle,  and  the  other  with 
the  eled:rometer  ;  the  fhock  or  ilream  may  be 

con- 
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conveyed,  to  any  part,  with  the  greateft  facility. 
It  is  alfo  evident,  that  a  perfon  may,  by  means 
of,;thg;twp  joints  of  this  iimple  apparatus, 
ele<flrify  himfelf  with  eafe,  (or  any  patient,  con- 
veniently) without  the  alliflance  of  any  other 
perfon  ;  that  is,  he  may  turn  the  machine  with 
one,  hand,  while  he  is  receiving  the  fluid,  or 
the  Hiock,  by  means  of  tjiis  univerfal  dif- 
charger.  But  this^ may  alfo  be  readily  efFe<5led, 
by  fattening  a  wire  to  one  of  the  conduflors, 
and  pinning  the  other  end  of  it  to  one  extremity 
of  the  .part  through  which  you  intend  to  pafs 
^he  Ibock,  or  convey  the  fluid ;  then  connedl  a 
direftor  with  the  other  conductor,  and  hold  it 
to  the  other  extremity  of  the  part.  If  the  fitu- 
ation  is  fuch  as  to  occalion  the, wires  to  touch 
the  table,  pafs  a  fmall  glafs  tube  over  them, 
which  will  prevent  a  diffipatian  of  the  fire. 

L  and  M,  fig.  84,  reprefent  glafs  tubes, 
through, which  .faiall  wires  are  made ;  to  pafs, 
to  convey  the  fluid  dire(^iy  to  the  ear  or 
throat. 

Fig.  88  reprefentst  another  glafs  tube,  of  a 
larger  fize,  the  end  of  which  is  capillar}  ;  a 
fmall  quantity  of  rofe-water,  or  any  other  fluid^f 
is  to  be  poured  into  this  tiibQ^i  •th^n  con- 
neft  it  with  the  prime  condudor .  by  a .,  wire  ; 
turn  the  cylinder,  and  a  fubdiyided, .  gentle, 
T  4  '      :  ,        and 
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and  refrefhing  ftream  of  this  fluid  may  hs 
thrown  on  the  patient. 

It  is  in  all  cafes  moit  advifeable  to  begin  with 
the  more  gentle  operations,  and  proceed  gra- 
dually to  increafe  the  force,  as  the  ftrength  and 
conftitution  of  the  patient,  or  the  nature  of 
the  diforder  requires.  The  ftream  from  a  wood- 
en point,  a  wooden  ball,  or  brafe  point,  may 
be  firft  ufed  ;  fparks,  if  neceffary,  may  then  be 
taken,  or  fmall  fhocks  given. 

In  rheumatic  cafes,  the  eledlric  friflion  is 
generally  ufed.  If  the  pains  are  local,  fmali 
fhocks  may  be  given.  To  relieve  the  tooth-ach, 
very  fmall  Ihocks  may  be  paffed  through  the 
tooth ;  or,  cover  the  part  affected  with  flannel, 
and  rub  it  with  a  director,  communicating  with 
the  machine. 

In  inflammations,  and  other  diforders  of  the. 
eyes,  the  fluid  fliould  be  thrown  from  a  wood« 
en  point  ;  the  fenfation  here  produced,  is  that 
cf  a  gentle  -cooling  wind ;  but,  at  the  fame 
time,  k  generates  a  genial  warmth  in  the  part 
£ffe^ed. 

In  palfies,  the  eleflric  fridlion  and  fmall 
ihocks  are  adminiflered.  Streams  of  the  fluid 
fliould  always  be  made  to  pafs  through  the 
affected  part. 

The  only  Treatife  we  have  yet  had  from  the 
Faculty,  on  the  fubjedt  of  Mediqal  Ele<5tricit}% 
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p  a  pamphlet  intitled,  *'  Confideratlons  pn  the 
Efficacy  of  Elecjtrijcity  in  removing  Female  Ob- 
flrudions,"  by  Mr.  Birch ;  to  whom  I  am  in- 
debted for  a  variety  of  important  obfervatipps 
atid  praftical  remarks  on  the  different  branches 
jof  electricity  ;  and  if  its  merits  were  to  be  con- 
§ned  to  this  difeafe  alone,  (in  which  it  may  be 
reckoned  a  fpecific)  it  would  be  entitled  to  the 
attention  of  pra(ftitioners ;  but  we  have  reafon  to 
.expeft  much  more  from  it,  fmce  the  prejudices 
pf  the  Faculty  feem  removed,  and  the  praflice 
l§  becoming  more  generJtl  every  day, 


CHAR 
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CHAP.      XVL 

MifcelJaneous  Experiments  and  Oifervatiom^ 

THE  difpute  concerning  the.  preferable, 
utility  of  pointed  or-  knobbed  condudors^ 
for  fecurlng  buildings  from  lightening,  occali- 
oned  the  fetting  up  a  mor^  magnificeiit  appara- 
tus than  had  ever  appeared  before.  An  inimenfe. 
conducflor  was  conilrufted,  at  the  expence  of" 
the  Board  of  Ordnance,  and  fufpended  in  the. 
Pantheon,  under  the  dirediion  of  Mr.  Wilfon, 
It  confilled  of  a  great  number  of  drums,  cover- 
ed with  tin-foil,  which  formed  a  cylinder  of 
about  155  feet  in  length,  and  more  than  16 
inches  in  diameter  ;  and  to.  this  vail  condudor 
was  occafionally  added  4800  yards  of  wire. 
The  eleftric  blaft  from  this  machine  fired  gun- 
powder in  the  moft  unfavourable  circumltan- 
ces,  namely,  when  it  was  drawn  off  by  a  fharp, 
point.  The  method  of  doing  it  was  as  fol- 
lows :  upon  a  Itaff  of  baked  wood  a  flem  of 
brafs  was  fixed,  which  terminated  in  an  iroa 
point  at  the  top;  this  point  was  put  into  the. 
end  of  a  fmall  tube  of  India-paper,  made  fome- 
what  in  the  form  of  a  cartridge.,  about  an  inch 
and  a  quarter  long,  and  two  tenths  of  an  inch 
;  .  .      in 
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In  diameter,  when  the  cartridge  was  filled 
with  common  gunpowder  unbruifed ;  a  wire, 
communicating  with  the  earth,  was  the^  faf-r. 
tened  to  the  bottom  of  the  brafs  fleni.  The 
charge  of  the  great  cylinder  being  continually 
kept  up  by  the  motion  of  the  wheel,  the  top 
of  the  cartridge  was  brought  very  near  the 
drums,  fo  that  it  frequently  touched  the  tin^ 
foil  with  which  they  were  covered.  In  this  fitU'r 
ation,  a  fmall,  faint,  luminous  Itream  was 
frequently  obferved  between  the  top  of  the  car^ 
tridge  and  the  metal.  Sometimes  this  ftream 
would  fet  fire  to  the  gunpowder  the  moment  it 
was  applied,  at  others,  it  would  require  half  a 
minute  or  more  before  it  took  effed:.  This 'dif- 
ference in  time  was  fuppofed  to  be  owing  to 
fome  fmall  degree  of  moiilure  in  the  powder, 
or  the  paper. 

Gun-powder  may  alfo  be  fired  by  a  ftream 
from  a  large  charged  Leyden  jar,  in  the  fol- 
lowing manner  ; 

Experiment     CCV. 

Fix  a  fmall  cartridge  on  a  metallic  point, 
which  "is  fitted  to  a  wooden  or  glafs  handle  ; 
make  a  communication  from  the  wire  to  the 
ground,  then  prefent  the  cartridge  to  the  knob 

of 
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©f  tlie  phial,  and  the  gun-powder  will  be  fired 
by  the  palTage  of  the  eleftric  flream  through 
the  cartridge.  Tinder,  or  touch- wood,  placed 
in  a  metai  cup,  may  be  lighted,  by  pafling 
the  flream  from  the  infide  of  the  jar  through 
them,  as  in  the  foregoing  experimen-t,  wrthoufe 
compleating  the  circuit. 

As  it  therefore  appears,  that  the  elediric  fluid, 
when  it  moves  through  bodies,  either  with  great 
rapidity,  or  in  great  quantities,  will  fet  them 
on  fire,  it  is.  fearce  difputable,  that  this  fluid  m 
the  fame  with  the  element  of  fire^ 

Experiment   CCVI.^ 

To  fire  the  fmall,  ekdrical  cannon,  charge  i% 
■with  gun-powder  in  the  ufuai-  manner,  then 
fill  the  ivory  tQuch-h^le  with  gun-powder, 
ram  it  well  down,  and  pulh  the  brafs  pin  down, 
fo  that  the  end  of  it  may  be  near  the  bottom  of 
the  hole ;  make  a  communication  between  the 
outfide  of  a  large  charged  jar  or  battery  and 
the  body  of  the  cannon,  by  placing  one  end  of 
the  difcharging  rod  on  the  pin  which  pafTes 
down  the  touch -hole,  and  bring  the  other  end 
to  the  knob  of  the  jar,  and  the  difcharge  will 
fire  the  powder, 

'    ■         Ex- 
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Fig.  89  ts  a  perfpeftive  view  of  tile  powder-- 
lioufe;  the  lide  of  the  roof  next  the  eye  being 
t)mitted,  that  the  inlide  may  be  more  convhii- 
ently  feen.  The  front  of  this  model  is  fitte<i 
up  like  the  thunder-houfe,  and  is  ufed  in  the 
fame  manner ;  the  fides  of  tlie  houle,  tlie  batrlc^ 
2nd  fore-front,  are  joined  to  the  bottom  hf 
l^inges  J  the  roof  is  divided  into  two  paDt^^ 
which  are  alfo  fattened  by  hinges  to  the  £des  ; 
the  building  is  kept  together  by  a  ridge  on  the 
roof ;  when  the  roof  is  blown  up^,  it  ivill  fait 
dowB  with  the  iides,  the  back,  and  fore-front. 
To  ufe  this  model,  fill  the  Imaii  tube  a  with 
gun-powder,  and  ram  the  wire  c  a  fmali  way  m 
the  tube,  then  conned  the  hook  ^  with  the  bot- 
tom of  a  large  jar  or  battery  ;  when  the  jar  b 
charged,  form  a  communication  from  the  hook. 
d  to  the  top  of  the  jar  ;  the  difcharge  will  fire 
tKe  powder,  and  the  explofion  of  the  gun-pow- 
der will  throw  off  the  roof,  and  the  iides^  the 
fore  and  back  fronts  wall  then  all  fall  down. 

Fig.  90  reprefents  a  wooden  pyramid,  de* 
figned  to  fhew  the  experiments  which  arc  made 
with  the  thundeir-houfe,  and  Is  ufed  hi  the 
£ame  mariner.      When  the  piece  a  is   rhrowa 

out 
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out  by  the  difcharge,    the  upper  part  of  the 
pyramid  falls  down; 

E  JC  P  E  p.  I  Ri  E  N  t        CC  VIII. 

Fix  the  ladle  t,  fig.  33,  into  the  hole  at  the 
end  of  the  conduflor,  place  a  fmall  piece  of 
camphor  in  the  ladle,  fet  the  camphor  on  iire_^ 
and  then  put  the  machine  in  adtion  ;  the 
camphor  will  throw  out  a  variety  of  fmall' 
flioots,  and  have  the  appearance  of  an  imperfect 
tegetation. 

EXPERIlilENt        CCIX. 

Wrap  fome  loofe  cotton,  which  has  been  pre-= 
tiouily  rolled  in  fine  powder  of  yellow,  refin, 
found  one  of  the  balls  of  a  difcharging  rod^ 
and  hold  the  other  end  to  the  outer  coating  of 
a  charged  jar ;  then  bring  the  knob  with  the 
refin  towards  the  ball  of  the  jar,  and  the  ex- 
plofion  will  fire  the  refin,  and  this  will  com- 
municate the  flame  to  the  cotton. 

Fig.  9 1  reprefents  the  inflammable  air  lamp> 
invented  by  Mr.  Volta.  A  is  a  glafs  globe  tof 
contain  the  inflammable  air,  B  a  glafs  bafon,  or 
refervoir,  to  hold  water  ;  D  is  a  cock,  which  is 
tQ  form  occafionally  a  communication  betweea 

the 
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the  refervoir  of  water  B,  and  that  of  air  A  5 
the  water  palTes  into  the  latter  through  the  me^ 
tal  pipe  gg,  which  is  fixed  to  the  upper  part 
of  the  refervoir  A  :  j  is  a  fmall  cock,  to  cut  off, 
or  open  a  communication  with,  the  air  in  the 
ball,  and  the  jet  K.  N  is  a  fmall  pipe  to  hold 
a  piece  of  wax  taper,  L  a  brafs  pillar,  on  the 
top  of  which  is  a  brafs  ball  ;  <3  is  a  pillar  of 
glafs,  furniihed  at  top  with  a  focket ;  a  vare  b 
Aides  in  this  focket,  a  ball  is  fcrewed  on  to  the 
end  of  the  wire.  F  is  a  cock,  by  which  the 
ball  A  is  filled  with  inflammable  air,  and  which 
afterwards  ferves  to  confine  the  air  and  the 
water  that  falls  from  the  bafon  B  into  the 
ball  A. 

To  ufe  this  inflrument,  after  having  filled 
the  refervoir  A  with  pure  inflammable  air,  and 
the  bafon  B  with  water^  turn  the  cocks  D  and 
S,  and  the  Vv'ater  which  falls  from  the  bafon  B 
will  force  out  fome  of  the.  inflammable  air,  and 
caufe  it  to  pafs  through  the  jet  K  into  the  air. 
If.  an  eleftric  fpark  is  made  to  pafs  from  the 
brafs  ball  m  to  the  brafs  ball  n,  the  inflammable 
jet,  which  pafTes  through  the  pipe  K,  will  be 
fired.  To  extinguifh  the  lamp,  Ihut  firil  th^ 
cock  S,  and  then  the  cock  D^ 

To  fill  the  refervoir  Aa  with  Inflammable  air, 
which  is  to  be  made  in  the  ufual  manner,  and 
With  the   ufual  apparatus,    havihg  previoufly 

filled 
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filled  A  wkli  water,  place  the  foot  R  uitdef 
water,  on  a  board  or  flool  in  a  large  tub  of 
Water,  that  the  bent  glafs  tube,  througlx  which 
the  inflammable  air  pafles^  may  pafs  commodr- 
ouily  under  the  foot  of  the  lamp  ;  when  th« 
air  has  nearly  driven  oitt  all  the  water,  turn  this 
cock  F,  and  the  apparatus  is  ready  for  ufe. 
This:  infbrument  is  convenient  to  preferve  a 
quantity  of  inflammable  arr  ready  for  any  occa- 
lional  experiment,'  as  charging  the  inflam- 
ttiable  air  piflol,  &c.  It  is  zKo  convenient  to 
light  a  candle  for  ceconomical  purpofes,  as  the 
finallefl:  fpark  from  an  eleflrophorous,'  or  a- 
fiiiall  bottle,  is  fu'flicient  to  fire  the  airi 

A  finall  battery  of  inflammable  air  piflols  l^ 
occafionally  made,  that  affords  confiderable 
amufement ;  as  either  cme  piftol^'  or  the  whole 
together,  may  be  fired  at  the  pleafure  of  the 
operator. 

The  following  experiment  was  m'ade  by  Mr. 
Kinnerfly  with  his  electrical  thermometer^- 
which  is  defcribed  in  page  53  of  this  Effay. 

Experiment    CCX. 

Having  put  fome  tinged  water  into  the  large 
tube,  he  placed  the  two  wires  within  the  tub«t 
in  contact,  and  pafled  a  large  charge  of  eiec- 

tricit/ 
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tricky  from  above  thirty  fquare  feet  of  coated 
glafs,  which    produced   no   rarefaftion   in  the 
air,  and  fhewed  that  the  wires  were  Hot  heated 
by  the  lire  paffing  through  them.      When  the 
wires  were  about  Wo  inches  afunder,  the  charge 
\  of  a  three-pint  bottle,    darting  from  one  to  the 
other,    flreiied  the  air   very  evidently.     The 
charge  of  a  jar,  which  contained  abdut  five  gzh 
Ions  and  a  half,    darting  from  wire  to  wire, 
oGcalioned  a  very  confiderable  expanfion  in  the 
air ;  and  the  charge  of  a  battery  of  thirty  fquare 
feet  ef  coated  glafs,  woyld  raife  the  water  in 
the  fmall  tube  quite  to  the  top  :  upon  the  co* 
alefeing  of  the  air,  the  column  of  water  inftantly 
fubfided,  till  it  was  in  equilibrio  with  the  rare- 
fied air ;  then  gradually  defcending  as  the  air 
cooled,    fettled    where   it   flood   before.      By 
carefully  obferving  at  what  height  the  defcend- 
ing water  firfi  flopped,  the  degree  of  rarefadiora 
.might  be  eafily  difcovered. 

Experiment      GCXI, 

Take  a  glafs  tube,  about  four  inches  Idxig^ 
One  quarter  of  an  inch  in  diam^eter,  and  open 
at  both  ends ;  moiften  the  inlide  of  the  tube 
with  oil  of  tartar  per  deliquium,  then  fix  tWQ 
pieces  of  cork'  into  the  ends  of  the  tube,  and 
pafs  a  wire  through  each  cork,  fo  that  the  ends 
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of  the  wires,  which  are  within  the  tube,  rnay 
be  about  three  quarters  of  an  inch  afunder. 
Conne(5l  one  wire  with  the  outfide  coating  of  a 
large  jar,  and  form  a  communication  from  the 
other  to  the  ball  of  the  jar,  fo  as  to  pafs  the 
difcharge  through  the  tube  ;  repeat  this  feveral 
times,  and  the  oil  of  tartar  will  very  often  give 
manifell  figns  of  cryflalization*  * 

Experiment     CCXII. 

Charge  a  Leyden  phial,  (the  top  of  which 
is  cemented  into  the  bottle)  place  it  upon  an 
infulated  ftand,  and  then  take  hold  of  it  by  the 
ball,  and  prefent  the  coated  furface  towards  the 
condensing  ball  of  a  prime  conductor  while  the 
cylinder  is  charging,  and  a  large  brufli  and 
fpark  will  pafs  between  the  coating  of  the  bot- 
tle and  the  ball  of  the  condudor,  from  four  to 
twelve  inches  and  upwards  in  length* 

Experiment      CCXIII. 

Take  ^ome  of  the  powder  of  Canton's  phof- 
phorus,  and  by  means  of  a  little  fpirit  of  wine, 
ftick  it  all  over  the  infide  of  a  clean  glafs  phial, 
then   flop  the   bottle,   and   keep  it  from  the 

light.. 
*  Cavallo  on  Medical  Eleftricity,    p.  117. 
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light.  To  illuminate  this  phofphorbns,  draw 
feveral  flrohg  fparks  from  the  condudor,  keep- 
ing the  phial  about  two  or  three  inches  from 
the  fparks,  fo  that  it  may  be  expofed  to  their 
light ;  the  phial  will  afterwards  appear  lumi- 
tiousj  and  remain  fo  for  a  confiderable  time* 


Experiment      CCXIV. 

Difcharge  a  jar  over  a  thin  piece  of  w6od,> 
ivhich  is  cut  in  the  fhape  of  a  crefcent,  and 
Covered  with  this  phofphorus,  and  the  cref- 
cent will  be  luminous  in  the  dark. 

Place  a  fmall  key  on  the  phofphorus,  and 
difcharge  a  Leyden  phial  over  the  phofpho- 
fus,  and  then  throw  the  key  off  from  it,  and 
when  it  is  exhibited  in  the  dark,  the  form  of 
the  key  and  ail  its  wards  will  be  perfedly 
feen. 

As  the  e>'periments  on  phofphorus  af e  iii 
fhemfelves  exceedingly  curious,  and  appear  td 
me  to  be  intimately  conne6led  with  the  nature 
of  eledtricity,  I  hope  I  Ihall  not  be  thought  to' 
have  deviated  too  far  from  the  fubjeft  of  this 
eflay  by  introducing  fome  experiments  of  Mr,' 
Wilton  on  this  fubjed: ;  the  more  fo,  as  the 
producing  the  prifmatic  colours  is  by  no  means 
difheult,  as  little  more  is  required  than  a  few 
U  2  oyfter- 
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oyiier-lhells,  and  a  good  fire  of  any  kind.  Fof, 
if  thofe  iHells  are  thrown  careiefsly  into  the 
middle  of  the  iire,  and  continued  there  for  a 
proper  time,  (which  may  be  from  ten  minutes^ 
a  quarter,  half,  or  three  quarters  of  an  hour^ 
to  one,  two,  or  three  hours,  according  to  the 
thicknefs  and  compadnefs  of  the  fhells,  and  the 
degree  of  fire  they  are  expofed  to)  the}''  will 
exhibit  lively  prifmatic  colours,  after  they  are 
removed  from  the  fun  into  the  dark  fuddenly, 
and  the  eyes  have  been  previoufly  prepared  a 
little  to  receive  them.  Mr,  Wilfon  excited  alfo 
the  light  of  thefe  Ihells  with  elediricity,  in  the 
following  manner. 


'£J 


Experiment     CCXV. 

He  placed  upon  a  metal  Hand,  which  was 
rounded  at  top,  and  about  half  an  inch  in  dia- 
mcterj  a  prepared  ihell,  that  would  exhibit 
the  prifmi^.r?c  coiouTS  very  lively ;  on  the  upper 
fiirface  o(  this  fceil,  and  near  the  middle,  where 
the  coVrar-niaking  parts  predominated,  he 
brouf  he  th^  end  of  a  metal  rod,  and  then  con- 
necked  the  v.yo  metals  properly  with  the  coat- 
ings of  h.  chai  god  phial,  in  order  to  difcharge 
the  Huid-  In  rhis  circuit  there  was  left,  de- 
figiiediy,  an  interval  oi  about  three  inches,  un- 
occupied by  metal,  and  next  one  fide  of  the 

glafs.; 
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glafs  ;  the  difcharge  was  made  by  compleating 
the  circuit  with  metal  where  the  intfrrval  was 
left.  The  ihell^  at  that  inftant,  was  lighted  up 
to  an  exceeding  great  advantage,  fo  that  all 
the  colours  appeared  perfeftly  diftinft;,  and  in 
their  refpeftive  places,  anfvvering  to  their  diiFer- 
ent  colour-making  parts.  Thefe  colours  con- 
tinued vifible  feveral  minutes,  and  when  they 
ceafed  to  appear,  a  white  purplilh  light  occu- 
pied their  places,  which  lafted  for  a  coniiderable 
time.  And  notwithftanding  this  experiment 
was  repeated  with  the  fame  and  other  ihells, 
the  colours  continued  in  their  refpedtive  places, 
and  nearly  of  the  fame  degree  of  brilliancy ; 
excepting,  that  in  or  near  thofe  parts  where 
the  explolion  took  place  a  few  fpales  were  dri-r 
ven  off. 


Experiment      CCXVI. 

Which  proves,  that  bodies  of  the  fame  na- 
ture, but  of  different  volumes  and  different 
malfes,  are  charged  with  eiedrical  matter  only 
in  proportion  to  their  furface,  without  any  in- 
fluence or  concurrence  of  their  malfes  in  this 
cafe. 

The  following   experiment,  v/hich  we  fhall 

give  in  Mr.  Achard's  own  words,  fcems  to  de- 

U  3  cide 
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cide  this  queftion,  on  which  philofophera  hav® 
entertained  very  different  opinions. 

I  eledrified  (fays  he)  a  cylindrical,  hollow 
brafs  condudior^  feven  inches  long,  and  one 
and  a  half  in  diameter  :  when  it  had- acquired 
forty  degrees  of  eledriclty,  I  drew  from  it  a 
fpark,  with  a  conductor  of  hollqw  brafs,  of 
feven  inches  long,  and  one  and  a  half  diameter^ 
which  weighed  eight  ounces,  and  was  carefully 
infulated.  The  firlt  conductor  loft  fifteen  de- 
grees of  its  eleftricity.  I  repeated  the  fame 
experiment,  when  the  condudor  had  thirty  deT 
grees  of  electricity,  and  then  it  loft  ten  degrees^ 
Finally,  Vv?hen  the  condu<5lor  had  twenty  de- 
grees of  eledricity,  it  loft  only  feven  by  its  in- 
ftantaneoi'S  contad:  with  the  fame  cylinder, 
After  having  filled  this  cylinder  with  lead, 
which  produced  an  addition  of  five  pounds  to  its 
weight,  and  confequently  to  its  mafs,  I  repeated 
the  fame  experiments,  and  obtained  from  them 
the  very  fame  refults. 

This  is  followed  hy  other  experiments,  v/hich 
are  a  farther  confirmation  of  Mr.  Achard's 
opiniono 

Thefe  exDeriments  fhew,  ift.  That  bodies 
of  an  equal-  furface,  but  different  in  mafs, 
when  they  are  placed  in  the  fame  circumftances, 
are  charged  with  an  equal  quantity  of  electri- 
cal matter;   and  idly,    That   bodies   equal  ii\ 

mafs. 
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mafsj  but  different  in  extent  of  furfacCj  when 
they  are  placed  in  fimilar  circumflances,  are 
charged  with  an  unequal  quantity  of  eledrical 
matter,  and  that  the  body,  whofe  furfac'e  is  lar- 
ger, receives  more  than  that  whofe  furface  is 
lefs.  Therefore,  it  is  in  proportion  to  their 
furfaces,  and  not  to  their  mafs,  that  bodies  are 
charged  with  a  greater  or  lefs  quantity  of  the 
eledrical  fluid. 

Before  thefe  experiments  were  made  it  had 
been  obferved,  that  the  extreme  fubtilty,  and, 
in  moll  cafes,  invifibility  of  the  eledric  Huid, 
render  all  reafoning  about  its  motion  precarious. 
It  is  however  incredible,  that  this  fluid  ihould 
pafs  through  the  very  fubflance  of  metallic  bo- 
dies, and  not  be  retarded  by  their  folid  parti- 
cles? In  thofe  cafe's,  where  the  folid  parts  of 
metals  are  evidently' penetrated,  i.e.  when 
wires  arfi  exploded,  there  is  a  manifefl  refin- 
ance, fof  the  partisf  of  the  wire  are  fcattered 
about  with  violence  in  alfdirefcions. 

The  like  happene-d  in  Dr,  Prieflley's  circles, 
made  pri  fmooth  pieces  of  metal.  Part  of  the 
metal  was  alfo  difperfed  and  thrown  off,  for  the 
circular  fpots  were  compofed  of  little  cavities. 
If  therefore  the  fluid  was  difperfed  throughout 
the  fubltance,  and  not  over  the  furface  of  the 
metal,  it  is  plain,  that  a  wire,  whofe  diameter 
is  equal  to  one  of  thofe  circular  fpots,  ought 
U  4  alfo 
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alfo  to  have  been  dellroyed  by  an  explofion  of 
equal  ftrength  fent  through  it ;  whereas,  a  wire, 
whofe  diameter  is  equal  to  one  pf  thofe  fpots, 
would  without  injury  cpndu£l  a  lliock  much 
greater  than  any  battery  hitherto  conftrufted 
could  give.  It  is  moft  probable,  therefore, 
that  though  violent  ilafhes  of  ckiftricity,  which 
aft  alfo  as  fire,  will  enter  into  the  fubllance  of 
metals  and  confume  them,  yet  it  immediately 
difperfes  itfelf  over  their  furface,  without  en- 
tering their  fubftance  any  more,  till  being  for-: 
ced  to  coiled  itfelf  into  a  narrow  conipafs,  it 
again,  ads  as  fire. 

In  many  cafes  the  eledric  fluid  will  be  conr 
duded  very  well  by  metals  reduced  to  a  mere 
furface,  A  piece  of  white  paper  will  not  con- 
dud  a  fliock,  without  being  torn  to  pieces,  as 
it  Is  an  eledric  fubftance  ;  but  a  line  drawn  on 
it  with  a  black  lead  pencil,  will  fafely  convey 
tiie  charge  of  feveral  jars.  It  is  impollible  we 
can  think,  that  the  fire  here  palTes  through  the 
fuhfiana  of  the  black  lead  flroke,  it  muft  run 
over  its  furface ;  and  if  we  conlider  fpme  of 
the  properties  of  metals  we  fhall  find,  that  there 
is  great  reafpn  to  fuppofe  that  their  conduding 
power  lies  at  their  furface. 

Fig.  92  reprefents  a  fmall  glafs  tube,  flopped 
at  pne  end  with  a  piece  pf  cork  ;  ^  is  a  wire 
which  pafles  through  a  piece  of  cork,  fitted  intq 

the 
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tjie  other  end  of  the  tube,  the  upper  part  of 
the  wire  is  fuiniiiied  with  a  brafs  ball,  the  end 
of  the  wire  within  the  tube  is  bent  at  right  an- 
gles to  the  reft  of  the  wire. 


Experiment      CCXVII. 

Take  out  the  upper  cork  and  wire,  pour 
fome  fallad  oil  into  the  tube,  and  then  fit  in 
the  cork,  and  pufh  down  the  wire,  fo  that 
the  end  of  it  may  be  near  or  rather 
below  the  furface  of  the  oil  ;  prefent  the 
ball  towards  a  prime  condu6tor,  holding  the 
finger  or  any  other  non-con dudtor  oppofite  the 
bent  end  of  the  wire,  and  when  a  fpark  pafifes 
from  the  condu6lor  to  the  brafs  ball,  another 
will  pafs  from  the  end  of  the  wire,  and  perfo- 
rate the  glafs,  the  oil  will  be  cufioufly  agita- 
ted. 

This  experiment  appears  more  beautiful 
when  it  is  made  in  the  dark.  After  the  firil 
hole  is  made,  turn  the  end  of  the  wire  round 
towards  another  part  of  the  glafs  tube,  and  a 
fecond  hole  may  be  made  in  the  fame  manner. 
This  experiment  was  communicated  to  me  by 
the  Rev.  Mr.  Morgan,  of  Norwich,  who  has 
f:arried  it  much  farther,  by  filling  fmall  bottles 
vfith.  cement,  and  then  palling  the  fliock  in  a 

fimilar 
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^mikr  mode  through  them»  The  perforation 
may  be  made  with  water  in  the  tube  inftead 
■ctf  oil. 

Mr.  Lullen  pro'duGed  very  confiderable  effeds 
hj  palling  the  Ihock  through  wires  that  were 
inferted  in  tubes  filled  with  oil.  The  fpark 
appears  larger  in  its  paifage  through  oilj  than 
when  it  paffes  through  water.^ 

Mr.  Vilette  filled  a  difh  of  metal  with  oilj^ 
and  when  he  had  eledlrified  the  diih-»  he  plunged 
a  needle  into  the  oil,  and  received  a  yery  ftrong 
|^)ark  as  foon  as  the  point  of  it  came  within  a. 
fmaii  diflance  of  the  difii.  A  fmall  cork  ball 
being  made  to  fwim  in  this  oil,  upon  th^  ap-;' 
prbaeh  of  the  thick  end  of  the  flalk  of  a  lime, 
if  plunged  to  the  bottom,  and  imniediately  rofe 
up  again. 

Analogous  to  this  experiment  of  Mr.  Mor- 
gan are  fome  obfervations  of  Dr.  Prieftley, 
who  conftantly  found,  that  whenever  he  had 
covered  the  fradlured  place  of  a  jar  with  any 
kind  of  cement  or  varnilh,  it  always  broke  at 
die  place  where  the  cement  terminated  ;  there 
the  glafs  was  perforated,  and  a  new  fradure 
was  made,  which  had  no  communication  with 
the  former.  The  jar  always  broke  at  the  firft 
charge,  generally  before  it  had  received  half 
its  charge.  Struck  with  this  phoenomenon,  the 
Podor   proceeded   to  try  the    experiment   on 

a 
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a  jar  which  was  not  broke,  and  v/hofe  ftrengtli 
he  had  previoufly  afcertained  by  repeated  dif-? 
charges  :  he  took  off  a  little  of  the  outfidc 
coating,  and  put  on  the  glafs  a  patch  of  ce- 
ment, about  an  inch  in  diameter,  then  drawing 
the  coating  over  it,  he  charged  the  jar,  but 
before  it  had  received  half  its  charge,  it  buril 
by  a  fpontaneous  explofion,  not  indeed  at  the 
termination,  but  at  the  middle  of  the  patch  of 
cement,  where  the  glafs  was  thinnefl.  He  co- 
vered another  entirely  with  cement,  and  it 
broke  near  the  bottom,  where  the  glafs  is  ge- 
nerally thickeft,  A  jar  that  was  covered  en? 
Itirely  both  iniide  and  outfide  with  cement,  and 
then  coated  with  tin-foil,  burfl  at  the  very  firfl 
^.ttempt  to  charge  it. 

Experiment      CCXVIII. 

The  magic  pidure  is  a  coated  pane  of  glafs, 
proper  to  anfwer  the  purpofe  of  the  Leydeij 
experiment ;  over  the  coating  on  one  fid-e  is^ 
pafled  a  pidlure,  on  the  other  fide  a  piece  of 
white  paper  is  palled,  fo  as  to  cover  the  whole 
glafs ;  it  is  then  put  into  a  frarnjC,  with  the 
pi6lure  uppermoll,  and  a  communication  i§ 
formed  from  the ^  tin-foil  of  the  under  fide  to 
the  bottom  rail  of  the  frame  of  the  pidiure, 
which  rail  is  covered  with  tin-foil. 

Lay 
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Lay  the  pidrure  on  the  table,  with  the  piiaf: 
uppermoftj  and  a  piece  of  money  on  ir^  let  a 
chain  fall  from  the  conduflor  to  the  prints 
turn  the  cylin^ier,  and  the  plate  of  giafs  will 
foon  be  charged ;  now  take  hold  of  the  picture 
"hj  the  top  rail^  and  let  another  perfon  take 
hold  of  the  bottom  rail  and  endeavour  to  take 
off  the  piece  of  money,  in  doing  this  they  will 
receive  a  ihock^  and  generally  fail  in  the  at-^ 
tempt,.   . 

Experiment      CCXIX, 

Put  a  quantity  of  brafs  duft  into  a  coated 
jar,  and  when  it  is  charged  invert  it,  and  throw 
fonie  of  the  duft  out,  which  will  be  fpread  in  an? 
■equable  and  uniform  manner  on  any  flat  furface, 
and  fall  juft  li|ie  rain  or  fnow,  May  k  not  be 
queftioned,  fays  an  ingenious  writer,  whether 
water,  falling  from  the  higheft  region  of  the 
clbuded  atrtiofphere,  would  not  meet  the  earth 
iir  much  larger  drops,  or  in  catarads,  if  the 
coalefcing  power  of  the  drops  was  not  counter- 
acted by  their  eledtric  atmofpheres  ? 

Experiment      CCXX. 

Place  a  piece  of  fmoaking  wax-taper  on  the 
prime  ccndu<2:or,   turn   the  cylinder,  the  vo^ 

kimc 
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luriae  of  fmoak  will  become  more  contraded, 
and  its  motion  upward  accelerated.  Take  off 
the  ele<5triGi4:y  lof  the  condudor,  and  fufpend  .a 
pair  of  pith  balls  over  itj  and  about  five  foet 
diflance  from  it,  turn  the  machine,  and  in  a 
few  feconds  the  balls  will  open  half  an  inch  j 
remove  the  taper,  and  the  balls  will  not  Se- 
parate. 

This  experiment,  therefore,  clearly  evin€£% 
that  linoke  is  a  condu6tor  of  eledricity* 

Ex  P  E  R  I  M  E  N  T        CCXXi* 

Take  a  round  board,  well  varnilhedj  and  laf 
on  it  a  chain  in  a  fpiral  form,  let  the  interi<3r 
-end  of  the  chain  pafs  through  the  bckard,  and 
connefi:  it  with  the  coating  of  a  large  jar  ;  fix 
the  exterior  end  to  a  difcharging  rod,  and  thea 
difcharge  the  jar  ;  a  beautiful  ipark  will  b.e 
{ten  at  every  link  of  the  chain.  The  illumina- 
tions to  be  produced  by  a  chain  are  capable  of 
an  infinite  variety  of  modifications. 

Experiment     CCXXIL 

Place  fpots  of  tin-foil,  at  equal  diftancea 
frcfm  each  other,  on  a  piece  of  bent  glafs,  an4 
kt  the  ends  of  the  glals  be  furniihed  with  brais 

balls. 
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ballSj  and  a  glafs  handle  be  fixed  to  the  mlddf*^ 
of  the  bent  glafs.  This  inftrument  will  ferve 
as  a  difcharger,  and  at  the  fame  time  exhlbitjj 
at  each  feparation  of  the  tin-foil,  the  eledtrid 
lighti 

I  made  feveral  of  thefe  luminous  difchareinsr 
rods,  many  years  fince,  in  order  to  fhew,  that' 
the  eleftric  fluid  ilTues  from  the  negative  and 
politive  coating  of  eaeh  difcharge,^  agreeable  toi 
the  idea  conveyed  by  Mn  Atwood's  experi- 
inents,  feeExp.  ii8>  119^  120,  of  this  Effaj^^- 
But  I  foon  found,  that  the  circui^  of  a  dif- 
charging  rod  was  not  fufficiently  extenlive  foir 
the  purpofe^ 


ExPEklMENT      CCXXlit. 

Fig.  98  reprefents  feveral  fpiral  tubes,-  placed, 
round  a  board,  a  glafs  pillar  is  fixed  to  the 
board,  and  on  this  pillar  is  cemented  a  metal 
Ccip,  carrying  a  fmall  Heel  point ;  a  brafs  wire, 
furniflied  -with  a  ball  at  each  end,  and  nicely 
balanced,  is  placed  on  this  point :  place  the 
middle  of  this  wire  under  a  ball  proceeding 
from  the  conductor,  fo  that  it  may  receive 
a  continued  fpark  from  the  ball,  then  give  the 
Ware  a  rotative  motion,  and  the  balls  in  revolving: 
will  give  a  fpark  to  each  ball  of  the  fpiral  tube^ 

which 
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which  will  be  eommunicated  from  thence  to 
the  board  ;  forming,  from  the  briiliancy  of 
the  light  and  its  rapid  motion,  a  very  pleaiing 
experiment;. 

All  thefe  experiments  on  the  interrupted 
fpark  may  be  pleafingly  and  beautifully  varied, 
and  the  fpark  made  to  appear  of  different  c©-- 
lours,  at  the  pleafure  of  the  operator* 

Experiment      CCXXIV, 

Sufpend  a  light  cork  ball,  which  is  covered 
Over  with  tin-foil  or  gold-leaf,  by  a  pretty  long 
iilk  thread,  fo  as  jufi:  to  touch  the  knob  of  a 
charged  jar  placed  on  a  table;  it  will  be  drft 
attracted  and  then  repelled  to  fome  diUancCj 
where,  after  a  few  vibrations,  it  will  remain 
at  reft.  If  a  lighted  candle  is  now  placed  at 
fome  diftance  behind  it,  fo  that  the  flame  of 
the  candle  may  be  nearly  as  high  as  the  knob 
of  the  phial,  the  cork' will  inllantly  be  agitated, 
and,  after  fome  irregular  motions  j  willdefcribe 
a  curve  round  the  knob  of  the  phial,  and  this 
it  will  continue  to  do  for  fome  time. 
'  Fig.  96  and  97  reprefent  an  eleftrometer, 
nearly  fmiilar  to  that  contrived  by  Mr.  Brooke. 
The  two  inilruments  are  fometimes  combined 
ia  one,  or  ufed  fepafately,  as  in  thefe  figures. 

The 
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The  arms  FH  fh,  £g.  ^"^^  when  in  ufe,  arc 
to  be  placed  as  much  as  poffible  out  of  the  at- 
mofphere  of  a  jar,  battery,  prime  condudior, 
Sec.  The  arm  FH  and  the  ballK  are  made 
of  copper,  and  as  light  as  poffible.  The  divi- 
fions  on  the  arm  F  A  are  each  of  them  exadly" 
a  grain.  They  are  afcertained  at  firfl  by  placing 
grain  weights  on  a  brafs  ball  which  is  withiri 
the  ball  I,  (this  ball  is  an  exad:  counterbalance 
to.  the  arm  F  H  and  the  ball  K  when  the  fmali 
Hide  r  is  at  the  firfl  divifion)  and  then  re- 
moving the  flide  r  till  it,  together  with  the 
ball  K,  counterbalances  the  ball  i  and  the 
weight  laid  on  it. 

A,  hg.^^,  is  a  dial-plate,  divided  into  ()6 
equal  parts.  The  index  of  this  plate  is  carried 
once  round  when  the  arm  B  C  has  moved 
through  90  degrees,  or  a  quarter  of  a  circle,- 
The  motion  is  given  to  the  index  by  the  reptfil- 
five  power  of  the  charge  ading  between  the 
ball  D  and  the  ball  B-* 

The  arm  B  C  being  repelled,  fhews  when 
the  charge  is  increafing,  and  the  arm  FH. 
Ihews  what  this  repulflve  power  is  between  two 
balls  of  this  fize  in  grains,  according  to  the 
number  the  weight  refts  at  when  lifted  up  by 
the  repuliive  power  of  the  charge  :  at  the  fam© 
time  the  arm  B  C  points  out  the  number  of  de-» 


greei 


*  PhiJofophical  Tranfaaions,  Vol.  82,  p.  384. 
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grees  to  which  the  ball  B  is  repelled  ;  lb  that, 
by  repeated  trials,  the  number  of  degrees,  an- 
fWering  to  a  given  number  of  grains,  may  be 
afcertained,  and  a  table  formed  from  thefe  ex- 
perlmentg',  by  which  means  the  eledlrometerj 
fig.  ^6,  maybe  ufed"  without  that  of  fi^.  g'jl 

Mr.  Brooke  thinks  that  no  glafs,  charged 
(as  we  call  it)  with  eleftricity,  will  bear  a 
greater  force,  than  that  whofe  repulfive  power," 
between'  two?  balls  of  the  fize  he  uCed,',  is'  equal 
to  60  grains :  that  in  very  few  inftancea  it 
will  ftand  60  grains  weight  ;  and  he  thinks 
it  hazardous  to  go  more  than  45  grains. 

Hence,  by  knowing  the  quantity  of  coated 
furface,  and  the  diameter  of  the  balls,  we  may 
be  enabled  to  fay,  Co  much  coated  furface, 
with'  k  fepulfi6n,  between  balls-  of  fo  many 
grains,  will  melt  a  wire  of  fuch  a  fize,  or  kill' 
fuch  an  animal,   &c.' 

Mr.  Brooke  thinks,  that  he  is  not  ac- 
quainted with  all  the  advantages  of  this  elec- 
trometer ;  but  that  it  is  cFear,'  it  fpeaks  a 
language  which  iriay  be  uriiverfall;^  underflooda 
which  no  other  will  d6  ;  for  thoirgh  other  elec- 
trpmeters  will  fliew  whether  a  charge  is  greater 
er  lefs,  by  an  index  being  repelled  to  greater 
or  fmaller  diftances,  or  by  the  charge  expiodiDg 
at  different  diflances,  yet  the  power  of  the 
charge  is  by  no  means  afceirtairted ;  but  this 
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eledrometer  fliews  the  force  of  the  repulfive 
|iower  in  grains  ;  and  the  accuracy  of  the  inflru- 
inent  is  eafily  proved,  by  placing  the  weight 
on  the  internal  ball,  and  feeing  that  they  coin- 
cide with  the  divilions  on  the  arm  F  H,  when 
the  Hide  is  removed  to  them* 


Ob/ervatiom  and  Experiments  made  by  Dr, 
Friejtiey  on  the  Effedis  ef  EleBricity  on 
different   elajiic  Fluids^ 

Experiment     CCXXV* 

To  change  the  blue  colour  of  liquors^ 
tinged  with  vegetable  juices  red.  The  appa-^ 
ratus  for  this  purpofe  is  feen  in  fig*  94*  A  B 
is  a  glafs  tube,  about  four  or  five  inches  long, 
and  one  or  two  tenths  of  an  inch  diameter  in 
the  iniide  ;  a  piece  of  wire  is  put  into  one  end 
of  the  tube,  and  fixed  there  with  cement  ;  a 
brafs  bail  is  placed  on  the  top  of  this  wire ; 
the  lower  part  of  the  tube  from  a  is  to  be  filled 
.with  water,  tinged  blue  with  a  piece  of  turn- 
fole  or  archaL  This  is  eafily  effected,  by  fet- 
ting  the  tube  in  a  vefTel  of  the  tinged  water, 
then  placing  it  under  a  receiver  on  the  plate  of 
the  air  pump  j  exhaufl  the  receiver  in  part, 

arid' 
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and  then,  on  letting  in  the  air,  the  tinged  liquor 
Will  rife  in  the  tulDe,  and  the  elevation  will  be 
in  proportion  to  the  accuracy  of  the  vacuum^ 
now  take  the  tube  and  vefTel  from  under  the 
receiver,  and  throw  flrong  fparks  on  the  brafs 
tall  from  the  prime  condudor.    . 

When  Dr.  Prieftley  made  this  experiment/ 
he  perceived,  that  after  the  eledric  fpark  had 
been  takeh^  between  the  wire  h  and  the  liquor 
at  ^,  about  a  minute,  the  upper  part  of  it  be-^ 
gan  to  look  red ;  in  two  minutes  it  was  rhatii- 
feftly  fo,  and  the  red  part  did  not  readily  mix 
with  the  liquor.  If  the  tube  was  inclined  when 
the  fparks  were  taken,  the  redhefs  extended 
twice  as  far  on  the  lower  fide  as  on  the 
upper;;  In  proportion  as  the  liquor  became 
ted,  it  advanced-  nearer  to  the  wire,  fo  that 
the  air  in  which  the  fparks  were  taken  was  di- 
minilhed ;  the  diameter  amounted  to  about 
one  fifth  of  the  whole  fpace ;  after  which,  a 
continuance  of  the  eleflrification  produced  nd 
fenfible  effecfl. 

To  determine,  whether  the  caufe  of  the 
thange  of  colour  was  in  the  air,  or  in  the  elec- 
tric matter.  Dr.  Prieftley  expanded  ''the  air  in 
the  tube,  by  means  of  an  air  pump,  till  it  ex- 
pelled all  the  liquor,  and  admitted  frefh  blue 
liquor  in  Its  place;  but  after  this,  eledricity 
Jjroduced  no  fenfible  efFe6t  on  the  air  or  on  the 
X  2  liquor  i 
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liquor ;  fo  that  it  was  clear,  that  the  eleftric 
matter  had  decompofed  the  air,  and  made  it 
depofit  fomething  of  an  acid  nature;  The  re- 
fult  was  the  fame  with  wires  of  different  me- 
tals. It  was  alfo  the  fame  when,  by  means  of 
a  bent  tube,  the  fpark  was  made  to  pafs  from 
the  liquor  in  one  leg,  to  the  liquor  in  the 
other.  The  air,  thus  diminilhed,  was  in  the 
highefl  degree  noxious. 

In  pafEng  the  eledtric  fpark  through  differ* 
cnt  elaflic  fluids  it  appears  of  different  co- 
lours. In  fixed  air,  the  fpark  is  very  white  j 
in  inflammable  and  alkaline  aiir,  it  appears  of  a 
purple  or  red  colour,'  From  henc€  we  may  in- 
fer, that  the  condufting  power  of  thefe  airs  is' 
different,  and  that  fixed  air  is  a  more  perfect 
non-condudtor  than  inflammable  air. 

The  fpark  was  not  vifible  in  air  from  a  cauf- 
tic  alkali,  made  by  Mr.  Lane,  nor  in  air 
from  fpirit  of  fait ;  fo  that  they  feem  to  be 
more  perfect  condudors  of  eleftriclty  than  wai- 
ter, or  other  fluid  fubflances. 

The  eleftric  fparky  taken  in  any  kind  of  oil, 
produces  inflammable  air.  Dr.  Prieflley  tried 
it  with  ether,  oil  of  olives,  oil  of  turpentine, 
and  efiential  oil  of  mint,  taking  the  eledric 
fpark  in  them  without  any  air  to  begin  with  j 
inflammable  air  was  produced  in  them  all. 

Dr. 
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Dr.  Prieftbey  found,  that  on  taking  a  fmall 
ele(5lric  explofion  for  an  hour,  in  the  fpace  of 
an  inch  of  fixed  air,  confined  in  a  glafs  tube 
one  tenth  of  an  inch  diameter,  when  water  was 
admitted  to  it,  only  one  fourth  of  the  air  was 
imbibed.  Probably  the  whole  would  have 
been  rendered  immifcible  in  water,  if  the  elec- 
trical operation  had  been  continued  a  fufficient 
time. 

The  elcdric  fpark,  when  taken  in  alkaline 
air,  appears  of  a  red  colour ;  the  eleftric  ex- 
plofions,  which  pafs  through  this  air,  increafe 
its  bulk  ;  fo  that,  by  making  about  200  ex- 
plofions  in  a  quantity  of  it,  the  original  quan- 
tity will  be  fometimes  increafed  one  fourth.  If 
water  is  admitted  to  this  air,  it  will  abforb  the 
original  quantity,  and  leave  about  as  much 
elaftic  fluid  as  was  generated  by  the  eleflricity, 
and  this  elaftic  fluid  is  a  ftrong  inflammable 
air. 

Dr.  Prieflky  found,  that  when  the  eledlric 
ipark  was  taken  in  vitriolic  acid  air,  that  the 
i-nfide  of  the  tube  in  which  it  was  confined  was 
covered  with  a  blackifli  fubflance.  He  feems 
to  think,  that  the  whole  of  the  vitriolic  acid 
air  is  convertible  into  this  black  matter,  not  by 
means  of  any  vmion  which  it  forms  with  the 
electric  fluid,  but  in  confequence  of  the  con- 
jEufiion  given  to  it  by  the  explofion  ;  and  that, 
X  3  if 
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if  it  be  the  calx  of  the  metal  which  fupplied 
the  phlogifton,  it  is  not  to  be  diilinguiihed^ 
from  what  metal,  or  indeed  from  what  fub- 
fiance  of  any  kind,  the  air  had  been  exx 
traded. 

Dr.  Prieflley  made  1 50  explofions  of  a  com- 
mon jar  in  about  a  quarter  of  an  ounce  meafure 
of  vitriolic  acid  air  from  copper,  by  which 
the  bulk  was  diminilhed  about  one  third,  and 
the  remainder  feemingly  not  changed,  being, 
all  abforbed  by  water.  In  the  courfe  of  this 
procefs,  the  air  was  carefully  transferred  three 
times  from  one  velTel  to  another  ;  and  the  laft 
veflel,  in  which  the  explofions  were  made  in  it, 
was,  to  all  appearance,  as  black  ag  the  firlt ; 
fo  that  the  air  feems  to  be  all  convertible  into, 
this  black  fubflance. 

Thinking  this  diminution  of  the  vitriolic  acid 
air  might  arife  from  its  abforption  by  the  ce- 
ment, with  which  the  glafs  tubes  employed  in 
the  laft  experiment  were  ciofed,  he  repeated  it 
with  the  air  from  quickfilver,  in  a  glafs  fyphon 
confined  by  quickfilver,  and  the  refult  was  the 
fame. 

That  this  matter  comes  from  the  vitriolic 
acid  air  only,  and  not  from  any  combination  of 
the  elediric  matter  with  it,  will  appear  from  the 
f<jllowing  experiment. 

Ha 
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He  took  the  fimple  eledric  fpark  from  a  con-^ 
du(5lor  of  a  moderate  fize,  for  the  fpace  of  five 
minutes  without  interruption,  in  a  quantity  of 
vitriolic  acid  air,  without  producing  any  change 
in  the  infide  of  the  glafs  ;  when  immediately 
after,  making  in  it  only  two  explofions  of  a 
common  jar,  each  of  which  might  be  produced 
in  lefs  than  a  quarter  of  a  minute  with  the  fame 
machine  in  the  fame  Hate,  the  whole  of  the 
infide  of  the  tube  was  compleatly  covered  with 
the  black  matter.  Now  had  the  eledtric  matter 
formed  any  union  with  the  air,  and  this  black 
matter  had  been  the  refult  of  that  combination, 
all  the  difference  that  would  have  arifen  from 
the  fimple  fpark  or  the  explofion,  could  only 
have  been  a  more  gradual,  qr  a  more  fudden 
formation  of  that  matter, 

A  large  phial,  about  an  inch  and  a  half 
wide,  "being  filled  with  this  air,  the  explofion 
of  a  very  large  jar,  containing  more  than  two 
feet  of  coated  furface,  had  no  effeft  upon  it ; 
from  which  it  fliould  feem,  that  in  thefe  cafes, 
the  force  qf  the  fiiock  was  not  able  to  give  the 
quantity  of  air  fuch  a  cqncuffion  as  was  ne- 
cefiTary  to  decompofe  any  part  of  it, 

He  had  generally  made  ufe  of  copper,  but 

afterwards  he  procured  this    air  from  almofl 

every     fubitance     from    which   it    could     be 

pbtaine^ ;    the   eledlric   explofipq   taken  in  it 

X  4  W^' 
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produced  the  fame  effefl.  But,  as  fome  of  th^ 
.experiments  were  attended  with  peculiar  cirr 
curaitances,  he  briefly  mentions  them,  as  foly 
lows. 

When  he  endeavoured  Iq  get  vitriolic  acic} 
air  from  lead,  puxtipg  a  quantity  of  leaden 
ihot  into  a  phial  containing  oil  of  vitriol,  and 
applying  only  tjie  -ufual  degree  of  heat,  a  con- 
iiderable  .quajitity  of  heat  was  produced  ;  but 
afterwards,  though  the  heat  was  encreafed  till 
the  acid  boiled,  no  more  air  could  be  got.  He 
imagined  therefore,  that  in  this  cafe  the  phlo- 
giiton  had,  in  fad,  been  fupplied  by  fome 
thing  that  had  adhered  to  the  fhot.  However^ 
in  the  air  fo  produced,  he  took  the  eleftric  ex- 
plofion  ;  and  in  the  firfl:  quantity  he  tried,  a 
whitifh  matter  was  produced,  almoft  covering 
the  iniide  of  the  tube ;  but  in  the  fucceeding 
experiments,  with  air  produced  from  the  fame 
ihot,  or  from  fomething  adhering  to  it,  there 
was  lefs  of  the  whitifh  matter  ;  and  at  lafl,  no- 
thing but  black  matter  was  produced,  as  in  all 
the  other  experiments.  W^ter  being  admitted 
to  this  air,  there  remained  a  confiderable  refi- 

'■     u  ■ 

duum,  which  was  very  llightly  inflammable.- 

Vitriolic  acid  air  is  eaiily  procured  from 
i|>irit  of  wine,  the  mixture  becoming  black  be- 
fore any  air  is  yielded.    The  eledric  explofion 

tak^n 
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taken  in  this  air  aifo  produce<i  the  black 
matter. 

The  experiments  made  with  ether  feem  to 
throw  moft  light  upon  this  fubjedt,  as  this 
air  is  as  ealily  procured  from  ether  as  any 
©ther  fubftance,  containing  phloglfton.  In 
the  air  procured  by  ether  the  eledric  explo- 
fion  tinged  the  glafs  very  black,  more  fo  than 
in  any  other  experiment  of  the  kind  ;  and, 
when  water  had  abforbed  what  it  could  of  this 
ajr,  there  was  a  refiduum  in  which  a  candle 
burned  with  a  lajxibeot  blue  flame.  But  what 
was  moft  remarkable  in  this  experiment  was, 
that  befides  the  oil  of  vitriol  becoming  very 
black  during  the  procefs,  ^  black  fubllance, 
and  of  a  thick  confiftence,  was  formed,  which 
fwara  on  the  furface  of  the  acid. 

It  is  very  poffible,  that  the  analyfis  of  this 
fubftance  may  be  a  means  of  throwing  light 
upon  the  nature  of  the  black  matter,  formed 
by  eledtric  explofions,  in  vitriolic  acid  air, 
as  they  feem  tp  refeml^Je  one  another  very 
much. 

The  eledric  fpark  or  explofion,  taken  in 
common  air,  confined  by  quickfilver  in  a  glafs 
tube,  covers  the  infide  of  the  tube  with  a  black 
matter,  which,  when  heated,  appears  to  be 
pure  quickfilver.  This,  therefore,  may  be  the 
f  afe  with  t)ie  black  matter  into  which  he  fup- 

pofed 
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pofed  tlie  vitriolic  acid  air  to  he  converted  by 
the  fame  procefs,  though  the  effedl  was  much 
piore  remarkable  than  in  the  '  cotnmon  air,, 
The  explofion  will  often  produce  the  diminu-- 
tion  of  common  ak  in  half  the  tirne  that  iimple 
fpafks  wiU  do  it^  the  m;achine  giving  the  fame 
quantity  of  fire  in  the  farpie '  time  :  alfo,  the 
blac.knefs  of  the  tube  is,  much  fooner  produced 
by  the  Ihocks  than  by  the  fparks.  When  the 
tube  confiderably  exceeds  three  tenths  of  an 
inch  in  diameter,  it  will  fometimes  become  ve- 
ry black,  without  there  being  any  fenfible  dk 
lainution  of,  the  quantity  of  air..    , 

Experiment    ^  CCXXVL 

This  curious  experiment  was  made  by  Mto, 
Mariham,  originally  with  a  view  to  melt  wires, 
with  a  fmall  Ley  den  bottle.  The  effecfls  are 
curious,  and  feem  to  open  a  new  field  for  in- 
veftigating  the  force  and  dirediion  of  the  elec- 
tric fluid.  He  fixed  a  fmall  piece  of  wax  upon 
the  outfide  coating  of  the  Ley  den  bottle,  the 
Jiead  of  a  fmall  needle  was  ftuck  in  the  wax, 
fo  as  to  be  at  right  angles  to  the  coating  ;  op- 
pofite  to  the  point  of  this  needle,  and  at  half 
an  inch  diflance  another  needle  was  fixed, 
by  being  forced  through  the  bottom  of  a  chip 
])ox,  this  was  conne^eci  with  the  difcharging 

ro4 
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rod  -by  a  wire.  On  difcharglng  the  bottle,  the 
peedle  wit:h  the  wax  was  driven  from  the  coatT 
Ing  of  the  bottle,  and  fixed  into  the  box  op^ 
pofed  to  it.  The  diflance  between  the  needles 
was  then  increafed  to  two  inches  and  a  half, 
xvhich  was  the  greateft  llriking  diflance.  The 
head  of  the  needle,  which  was  fixed  to  the 
bottle,  was  evidently  melted  in  two  or  three 
places.  If  the  charge  was  llrong,  and  the  waaj 
was  not  lluck  fall  to  the  coating  of  the  bottle, 
both  the  wax  and  the  needle  would  be  driven 
ibme  inches  from  the  bottle.  On  placing  4^ 
ball  of  wax  on  the  point  of  each  needle,  and 
pafling  the  difcharge  through  them,  the  bal| 
was  thrown  from  that  connedted  with  the  bottle 
full  two  feet.  Repeating  thi$  again,  he  could 
not  produce  the  fame  effect. 

Mr.  Marfham  now  fixed  the  needle,  oppofe4 
to  that  on  the  bottle,  with  wax  on  a  brafs  plate„ 
On  paffing  the  charge  through  them,  when  the 
needles  were  half  an  inch  diftance  from  each 
pther,  the  needle  was  thrown  fix  inches  from^ 
the  brafs  plate,  while  the  other  remained  in  its 
fituation.  On  increafing  the  diftance,  the  effe<?cs 
were  the  fame,  till  it  came  to  one  inch  and  a 
half,  when  neither  were  thrown  off.  In  many 
inflances,  both  were  thrown  off,  leaving  the 
wax  behind  them. 

The 
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The  needles  in  all  thefe  experiments  pafTed 
through  the  wax,  fo  as  to  touch  the  coating  of 
the  bottle  and  the  brafs  plate,  both  the  coating 
and  plate  were  beautifully  fufed  at  each  ex- 
plofion. 

Mr.  Marlham  then  fubftituted  fmall  pieces 
pf  putty  inftead  of  wax ;  when,  on  making  the 
difcharge  with  the  points,  at  only  three-eighths 
©f  an  inch,  the  needle  was  driven  from  the  bot-^ 
tie,  and  the  putty  forced  up*the  needle.  The- 
joints  were  then  placed  as  near  each  other  as 
was  poflible ;  when,  on  making  the  difcharge, 
the  putty  of  both  needles  was  blown  to  pieces, 
and  the  needle  thrown  at  a  confiderable  dif-. 
tance  ;  the  brafs  plate  was  alfo  curioufly  melted^ 
and  the  bottle  broke. 


On 
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On  the  Analogy  between  the  Produ6fion  and 
Effects  of  Ele6lricity  and  Heat^  and  nlfi 
between  the  Power  by  which  Bodies  ton^ 
du5i  EieBricity  and  receive  Heati  with 
the  Defcription  of  an  Injlrument  to  mea^ 
fare  the  ^antity  of  the  Eledtrical  FMd^ 
which  Bodies  of  a  different  Nature  will 
conduSli  when  placed  in  the  fame  Circum^ 
fiances.    By  Mr,  Achard.^ 

The  prddudion  of  heat  is  fimilar  to  that  of 
Eledricity. 

Every  kind  of  fridlion  produces  heat  and 
eleftricity.  It  may  be  objeded  to  this,  that  in 
order  to  render  the  analogy  perfedt,  it  would  be 
necefTary  that  the  friftion  of  every  body  fhould 
produce  electricity,  which  appears  contrary  to 
experience,  as  metals  and  other  conducting 
fub fiances  do  not  become  eledtrical,  but  by 
the  contad:  of  eledtric  bodies,  and  that  the 
immediate  friction  of  thefe  fubftances  will  not 
render  them  eledirical. 

To  this  it  may  be  anfwered,  that  when  an 
eiedric  body  is  excited  by  friction  again  ft  a 
non-eleflric,  that  the  laft,  if  it  is  infulated^ 
gives  as  ftrong  ligns  of  eleftricity  as  thofe 
gf  the  electric  itfelf.     This  electricity  Is  not 

com- 
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communicated  by  the  eledric,  fince  it  is  of 
an  oppolite  kind  :■  negative,  if  the  eledlric  is 
politive ;  and  the  contrary. 

This  obfervation  proves,  not  only  that  the 
condu6ling  bodies  become  electrical  by  fridiion, 
as  well  as  eleftric  bodies,  but  alfo,  that  to  pro- 
duce eledlricity  it  h  neceflary  that  the  equili- 
brium between  the  eleflricity  of  the  rubbing 
bodies  Ihould  be  deftroyed  ;  if  each  fubftance 
is  equally  adapted  to  receive  and  tranfmit 
the  eleftrical  fluid,  it  is  clear,-  that  the  equili- 
brium of  the  fluid  between  them  cannot  be  de- 
Itroyed  ;  becaufe,  that  at  the  infl:ant  one  re- 
ceives from  the  other  any  given  quantity,  it 
will,  by  its  claflicity,  be  again  divided  between- 
them  :  we  may  therefore  conclude, 

1.  That  the  eleftricity  produced  by  the  fric- 
tion of  two  bodies  is  greater,  in  pr6portion  to' 
the  increafe  of  the  difference  between  the 
conducing  poXver  of  thofe  bodies. 

2.  That  where  two  bodies  are  equally  adapted 
to  receive  and  tranfmit  the  eleftric  fluid,  they 
give  no  fign  of  eledtricity ;  not  becaufe  they 
(Cannot  become  eleftrified  by  fricflion,  but  be-" 
caufe  the  electricity,  which  is  diflurbed  by  the' 
friction,  is  at  the  fame  infl:ant  reltored,  on  ac- 
count of  the  facility  with  which  it  penetrates 
each  fubftance.     For  a  reafon  nearly  fimilary 

elee^ 
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ele<5lrks,  when  rubbed  togetker,  do  not  appear 
eleftrified. 

It  feems  therefore^  that  wt  may  conclude 
from  this  theory,  which  is  founded  on  fa<5l,  that 
in  ail  cafes,  and  \vhatever  is  the  nature  of  the 
fubflance,  the  fridion  always  produces  elec-^ 
tricity ;  and  when  the  effed  is  not  fenlible,  it 
is  only  becaufe  eiedricity  is  loft  as  foon  as  prp-- 
duced. 

That  there  are  no  fubftances,  that  are  rubbed 
againft  a  body,  which  tranfmit  the  ekdric  fluid 
with  greater  or  iefs  diihculty,  but  what  gtve' 
•figns  of  eieftricity :  that  metals  are  as  elec- 
trical by  themfeives  as  glafs  and  wax,. 

That  as  fridlion  always,  and  in  all  cafes,  pro- 
duces eleftricity,  there  is  a  perfeft  analogy  be- 
tween the  producfcion  of  heat  and  eled:ricity. 

^be  effeSls  which  are  produced  by  ek^rkltyj  are 
fimilar  to  thofe  produced  hy  heat. 

Heat  dilates  all  bodies.  The  aflion  of  the 
eledlric  fluid  on  the  thermometer  Ihews  its 
dilating  power  alfo ;  and  if  we  do  not  generally 
perceive  it,  it  is  becaufe  the  force  with  which 
bodies  cohere  together  exceeds  the  dilating 
power  of  eledxicity. 

Heat  promotes  and  accelerates  vegetation  as 
well  as  germination:  Eleftricity,  whether  po* 
pofitive  or  negative,  does  the  fame. 

Eledricity^, 
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Eledricity,  as  well  as  heat^  accelerates  evaf- 
poration. 

Heat  and  decflricity  accelerate  tlie  motiori 
of  the  blood»  Leaft  fear,  Conltraint,,  or  the 
attention  to  the  experiment,  might  accelerate 
the  pulfe  and  this  be  attributed  to  eledlrlclty, 
Mr,  Achard  made  the  experiment  on  a  dog 
when  a  ITeep,  and  always  found,  that  the  num- 
ber of  pulfations  was  increafed  when  the  ani- 
mal was  electrified. 

The  experiment  made  by  Mr.  Achard  on  the 
eggs  of  a  hen^  and  by  others  ob  the  eggs  of 
moths,  prove  that  elediritltyy  as  well  as  heiat,- 
favQur  the  developement  of  thofe  animals.  THe 
ekdlric  fluid,  in  common  with  fire,  will  throw 
metals  into  fulion. 

If  fubftances,  with  unequal  degrees  of  heaty 
touch  each  other,  the  heat  is  diffufed  uniformly 
between  them.  In  the  fame  manner,  if  two 
bodies  with  unequal  degrees  or  different  kinds 
of  eled:ricity,  touch  each  Othery  an  equilibrium 
will  be  eftabliihed, 

^here  is  an  exa^  analogy  hetmsen  the  faculty 
with  which  bodies  cotiduSi  the  ele£iricfiuid  and  re- 
ceive heat. 

If  bodies  of  different  kinds,  and  of  equal  de- 
grees of  heat,  are  placed  in  a  medium  of  a  dif- 
ferent temperatare,  they  will  all  acquire,  at  the 

cn<i 
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brid  of  z  certain  time,  the  fame  degree  of  beat. 
There  is  a  confiderable  difference,  however,  iri 
the  fpace  of  time  in  which  they  atcquire  the 
l:emperatiire  of  the  itlediilni,  ex",  gr.  metals 
take  lefs  time  than  gHfs,  to  acquire  or  lofe 
ah  equal  degree  of  heat. 

On  an  attentive  ejiaiiiinatio'n  bf"  tht  bodies 
which  receive  and  lofe  their  heat  fooneft,  when 
they  are  placed  in  mediums  of  different  tempe- 
iratufe,  they  will  be  found  to  be  the  fame  which 
receive  and  lofe  their  ele'dtticity  with  the 
greateft  facility.  Metals,  which  become  warm 
or  grow  cool  the  quickeft,  ai^e  the  fubflances 
iviiich  receive  arid  part  with  their  ele(51:ricity 
fooneft.  Wood,  which  requires  more  time  to 
be  heated  or  cooled,  receives  and  lofes  eledlri- 
city  flower  than  rrietals.  Laftly,  glals  arid  te- 
finous  fubftahces,  which  receive  arid  lofe 
flowly  the  elediric  fluid,  acquire  with  difficulty 
the  temperature  of  the  toedlufn  which  fur- 
tounds  them. 

If  one  extremity  of  an  irdli  rod  is  liCated 
ted-hot,  the  other  extremity,  though  the  bar 
is  feveral  feet  long,  will  become  fo  warm  in  a 
little  time  that  the  hand  cannot  hold  it ;  be- 
caufe  the  iron  coridu6ts  heat  readily  ;  though  d 
tube  of  glafs,  only  a  few  inchfes  long,  may  be 
held  in  the  hand,  even  while  the  other  end  is; 
melting.  The  electric  fluid,  in  the  fame  man= 
Y  ner^ 
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tier,  paffes  with  great  velocity  from  one  end 
of  a  rod  of  iron  to  the  other ;  but  it  is  a 
confiderable  time  before  a  tube  of  glafs,  at  on^ 
end  of  which  an  excited  eledric  is  held,  will 
give  ele(5lric  ligns  at  the  othen 

Thefe  obfervations  prove,  that  feveral  bodies 
that  receive  and  lofe  with  difficulty  their  ac- 
tual degree  of  heat,  receive  and  lofe  alfo 
tvith  difficulty  their  ele6:ricityi  To  determine 
if  this  law  is  general,  and  what  ate  the  excep- 
tions to  it,  will  require  a  variety  of  experi- 
tnents* 

If  we  fuppofe  twd  fubflarices^  dne  df  which 
is  ele6lrified,  but  the  other  not,  that  the  firft 
has  a  known  degree  of  ele<51;ricity,  and  that  th^ 
laft  in  touching  it,  deprives  it  of  a  given  de- 
gree of  eledlricity  ;  this  lofs  of  a  part  of  its 
eleftricity,  determines  the  facility  with  which 
the  body  that  touches  it  receives  the  eledric 
fluid.  Beiides  the  figure  and  volume  of  this 
fubftance,  the  time  the  two  bodies  rem.ain  in 
tontaft,  will  alter  the  quantity  taken  from 
the  eledrified  fubilance  ;  fo  that  ail  other 
circumftances  being  the  fame,  the  property  of 
bodies  to  deprive  other  bodies  of  their  elec-* 
tricity,  or,  in  other  words,  to  condu6t  the  elec- 
tric flUid,  is,  in  the  inverfe  ratio  of  the  time, 
necelTary  to  make  them  lofe  an  equal  degree 
of  eledricity. 

The 
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The  inftrument  wHch  is  reprefented  fig.  g^, 
is  conftrudted  on  thefe  principles,  and  with  it 
the  quantity  of  ele6lriGity  that  one  Kody  lofes 
in  a  given  time,  when  touched  by  another,  may- 
be accurately  afcertained";  A  B  is  a  very  fert- 
fible  balance,  at  the  extremity  of  each  arnl  two 
very  light  balls  of  copper  are  affixed,  C  F  D 
a  divided  femicircle,  which  is  fallened  to  the 
tock  which  fupports  the  axis  of  the  balance ; 
the  degrees  may  be  pointed  out  by  a  needle,  or 
by  the  arms  of  the  balance ;  the  cock  is  fixed 
to  a  brafs  cap,  which  is  cemented  on  the  glafs 
pillar  GG,  which  is  fixed  to  the  board  QR  ST; 
this  pillar  fhould  be  at  leafl  .18  inches  high; 
U  is  a  Leyden  bottle  ;  to  the  wire  Z  Z,  which 
communicates  with  its  inlide  coating,  three 
horizontal  wires,  VZ,  XZ,  and  Z  Y,  are  fixed  ; 
the  ends  of  thefe  wires  are  furnifhed  with  hol- 
low brafs  balls ;  the  bottle  U  is  fo  fixed  to  the 
board,  that  when  the  beam  is  horizontal,  the 
bail  B  touches  exadlly  the  ball  V,  as  is  repre- 
fented in  the  figure. 

K  N  is  a  metal  lever,  which  turns  iipdn  an 
axis  at  I,  fo  as  to  move  freely  in  a  vertical 
plane,  which  fhould  coincide  with  the  bar  VX  j 
the  lever  K  N  is  fupported  by  a  wodden  j^illar 
I H,  which  is  fixed  to  the  boardi  QR  ST;  ^t 
the  end  K  of  the  lever  is  a  fcrew,  to  hold  the: 
fwbftance  on  which  the  experiment  is  to  be  made ; 
Y  2  the/ 
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tKe  upper  end  of  this  fubftance  ihould  "Be  tiirn" 
ed  into  a  convex  form.  A  thread  N  O  is  tied 
ro  the  end  N  of  the  lever;  at  O  is  a  fmall 
hook,  on  which  a  ball  P  is  to  be  fufpendedi 
The  diilance  of  the  pillar  I H,  from  the  bottle 
as  to  be  fo  adjufled,  that  when  the  end  N  is 
lowered,  the  body  L  may  touch  in  one  point 
the  ball  X,  the  proportion  between  the  weight 
of  the  arms  of  the  lever,  the  weight  P  and  the 
body  L,  and  the  length  of  the  pillar  I H  to 
the  thread  N  O,  is  to  be  fuch,  that  when  the 
fubftance  L  touches  the  bail  X,  at  the  fame 
moment  the  ball  P  will  touch  the  board 
QR  S  T,  and  be  difengaged  from  the  thread 
N  O ;  the  fubllance  L  will  alfo  at  the  fame 
inllant  quit  the  ball  X. 

To  ufe  this  inllrument,  conned  the  bottle 
U  with  the  prime  conductor  by  the  ball  Y, 
and  form  a  communication  by  a  wire  frdm 
Y  to  the  cap  G;  charge  the  bottlcj  and  the 
ball  V  will  repell  the  ball  B,  the  angle  of  re- 
pulfion  will  be  marked  by  the  needle  EFi 
Svppofe  this  to  be  20  degrees,  and  let  L  be- 
brought,  as  before  defcribed,  to  touch  3C,  it  will 
ablorb  a  quantity  of  eledlricity  proportionable 
to  its  condudting  power,  and  the  bail  B  will 
fail  in  proportion  to  the  quantity  abforbed,  and 
the  diiTerence  will  be  feen  on  ihe  femicirclsi 
Let  the  difference  be  five  degrees ;  repeat  the 

expeririient. 
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experiment,  only  fubflituting  fome  other  fut>T 
itance  in  the  place  qf  the  body  E  ;  fuppofe  that 
with  this  fubftance  the  diminution  of  the  angle 
is  8  degrees,  then  is  the  conducing  power  of 
thefe  two  fubflances  in  the  proportion  of  5  to  8. 
Fig.  98  reprefents  an  apparatus,  jtp  fet  a 
wire  on  fire  by  the  ele(flric  explofion  in  dephlogi- 
ilicated  air.  I  am  obliged  to  defer  the  defcrip- 
jion  and  ufe  of  it  to  fome  future  opportunity, 
as  I  have  not  had  any  time  to  try  its  fuc- 
f:efs, 
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ADVERTISEMENT. 

1  HIS  fmall  Eflay  is  publiilied  to  illuflraje 
and  exernplify  fome  ufes  of  a  Magnetical 
Apparatus,  conftruded  in  order  to  exhibit 
the  general  phcenomena  of  jyTagnetifm.  It 
is  extracted  from  a  larger  work,  which  is 
laid  afide  for  the  prefent,  as  it  is  probable 
the  public  will  foon  be  favoured  with  a 
treatife  on  this  fubjedt  by  Mr.  Cavallo. 
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THOUGH  tKe  phoenomena  of  the  mag- 
net have,  for  many  ages,  engaged  the  atr 
tention  of  natural  philofophers,  not  only  by 
their  fingiilarity  and  importance,  but  alfo  by 
the  obfcurity  in  which  they  are  involved ;  yet 
very  few  additions  have  been  made  to  the  dif- 
coveries  of  the  firll  enquirers  upon  the  fubje<5l. 
The  powers  of  genius  which  have  been  hither- 
to employed  in  profecuting  this  fubjed,  have 
jiot  been  able  to  frame  an  hypothefis,  that  will 
account,  in  an  eafy  and  fatisfactory  manner,  for' 
all  the  various  properties   of  the   magnet,  or 
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point  out  the  links  of  the  chain  which  conned^ 
■It  with  the  other  phcenomena  of  the  univerfe. 

It  is  known  by  the  works  of  Plato  and  Ari-* 
fiotle,  that  the  antients  were  acquainted  with 
the  attraftive  and  repulfive  powers  of  the  mag- 
net ;  but  it  does  nor  appear,  that  they  knew  of 
its  pointing  to  the  pokj  or  the  ufe  of  the  com^ 
pafs.  As  they  were  not  acquainted  with  the 
true  rnethod  of  philofophiling,  and  contente4 
themfelves  with  obfervation  alone,  their,  knowt 
ledge  of  nature  was  confined  within  very  narrow 
limits,  and  did  not  afford  any  coniiderable  adr 
vantage  to  fociety.  Modern  philoXopherSy  by 
combining  experiment  with  obferyatiqii,  foon 
extended  the  boundaries  of  fcience,  and  dif- 
eovered  the  polarity  of  the  loadflone,  a  proper- 
ty which  in  a  manner  conftitutes  the  balisof  na?, 
vigatien,   and  gives  being  to  commerce. 

The  loadflone,  or  natural  magnet,  is.  an  irai^ 
ore  or  ferruginous  flone,  found  in  the  bowels 
f)f  the  earth,  generally  in  iron  mines  ;  qf  dXl 
forms  and  fizes,  and  of  various  calours.r 
.  Loadflones  are  in  general  very  hard  and  brit- 
tle, and  for  the  mofl  part  more  vigorous  in 
proportion  to  their  degree  of  hardnefs.  Con? 
iiderable  portions  of  iron  may  be  extracted 
from  them.  Newman  fays,  that  they  are  aU 
piofl  totally  foluble  in  fpirit  of  nitre,  and  par-? 
tially  in  the  vitriolic  and  marine  acids. 

Artificial  magnets,  which  are  made  of  fleelj^ 
are  now  generally  ufed  in  preference  to  the  na^ 
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t«ral  magnet;  not  only  qs  they  may  be  pro- 
cured with  greater  eafe,  but  becaufe  they  arc 
far  fuperior  to  the  natural  magnet  in  ftrength, 
aaid  communicate  the  magnetic  virtue  more 
powerfully,  and  may  be  varied  in  their  form 
more  eafily. 

The  power  poUefled  by  the  loadftone,  which 
is  alfo  communicable  to  iron  and  Heel,  is  called 
Magnetifm, 

A  rod,  or '  bar,  of  iron  or  fteel,  to  which  a 
permanent  polarity  has  been  communicated,  is 
called  a  Magnet. 

The  points  in  a  magnet  which  feem  to  pofleS 
the  gredteft  power,  or  in  which  the  virtue  feems" 
to  be  concentrated,  are  termed  ihe  Poles  of  a 
magnet, ' 

The  Magnetical  Meridian  is  a  vertical  circle 
irtthe  heavens,  which  interfecls  the  horizon  in 
the  points  to  which  the  magnetical  needle,  wheij 
at  reft,  is  direfted. 

The  Axis  of  a.  magnet  is  a  right  line,  which 
pafleg.from  one  pole. to  the  other. 

The  Equator  of  a  magnet  is  a  line  perpen? 
dicular  to  the  axis  of  the  magnet,  and  exad:iy 
between  the  two  poles. 

The  diflinguifhing  and  charadleriflic  proper- 
ties of  a  magnet,   are, 

Firft,   Its  attraftive  and  repulfive  powers. 
Secondly,  The  force  by  which  it  places  it- 
felf,  when  fufpended  free-ly,  in  a  certain  direc- 
tion tqwards  the  poles  of  the  earth. 

Thirdly, 
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Thirdly,  Its  dip  of.  inclination  towards  a  point 
below  the  horizon. 

Fourthly,  The  property  which  it  pofTelles  of 
communicating  the  foregoing  powers  to  iron  or 
l^eel  :\ 


An     HYPOTHESIS. 

Mr,  Euler  fuppofes,  that  the  two  principal 
canfes  which  concur  in  producing  the  wonder-^ 
ful  properties  of  a  magnet  are,  firft,  a  particu-r 
lar  ftrudlnre  of  the  internal  pores  of  the  magnet, 
and  of  magnetical  bodies ;  and,  fegondly,  an  ex-z 
ternal  agent  or  fluid,  which  adts  upon  and  paffes 
through  thefe  pores.  This  fluid  he  fuppofes  tp 
be  the  folar  atmofphere,  or  that  fubtil  matter 
called  ether,  which  fills  our  fyftem. 

Indeed,  moll  writers  on  the  fubjedl  agree  m 
fupppfing,  that  there  are  corpufcles  of  a  pecu- 
liar form  and  energy,  which  continually  circu^ 
late  around  and  through  a  magnet ;  and  that  a 
vortex  of  the  fame  kind  circulates  arpynd  and 
through  the  earth. 

A  magnet,  befides  the  pores  which  it  has. 
in  common  with  other  bodies,  has  alfo  other 
pores  confiderably  Imaller,  deftined  only  for 
the  paffage  of  the  magnetic  fluid.  Thefe  pores 
are  fo  difpofed  as  to  communicate  one  with  the 
other,  forming  tubes  or  channels,  by  which 
the  magnetic  fluid  pafles  from  one  end  to  the 

other. 
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t>ther.  The  pores  are  fo  formed  that  this  fluid 
can  only  pafs  through  them  in  one  direction, 
but  cannot  return  back  the  fame  way  ;  fimilai* 
to  the  veins  and  lymphatic  veflels  of  the  animal 
body,  which  are  furnifhed  with  valves  for  this 
purpofe;  So  that  the  pores  of  the  magnet  may 
be  conceived  to  be  formed  into  feveral  narrow 
contiguous  tubes,  parallel  to  each  other,  ai^  at 
A  B,  fig.  gg,  through  which  the  finer  parts  of 
the  ether  paflTes  freely  from  A  to  B,  but  cannot 
f  eturn  back  on  account  of  the  refillance  it  meets 
^itli  at  a,  a,  b,  b,  nor  overcome  the  refiflance  of 
the  grofi^er  ether,  which  occafions  and  continues 
the  motion.  For  fuppofing  the  pole  A  of  a 
magnet,  filled  with  feveral  mouths  or  open 
ends  of  fimilar  tubes,  the  magnetic  fluid, 
prefled  by  the  groffer  parts  of  the  ether,  will 
pafs  towards  B  with  an  inconceivable  rapidity, 
which  is  proportionable  to  the  elaflicity  of  the 
ether  itfelf ;  this  matter  which,  till  it  arrives  at 
B,  is  feparated  by  the  tubes  from  the  more 
grofs  parts,  then  meets  v/ith  it  again,  and  has 
its  velocity  retarded,  and  its  direiftion  changed  ; 
the  flream,  reflecfled  by  the  ether,  with  which 
it  cannot  immediately  mix,  is  bent  on  both 
fides  towards  C  and  D,  and  defcribes,  but  with 
lefs  velocity,  the  curves  DE  and  C  F  e,  and 
approaching  by  the  cun^es  d  and  r,  falls  iri 
with  the  affluent  matter  m  m,  and  again  enters 
the  magnet;  and  thus  forms  that  remarkable 

atmo* 
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atmofphere  which  is  vifible  in  the  arrangement: 
.  bf  fteel  filings  on  a  pieee  of  paper  that  is  placed 
over  a  magnet; 

T'here  is  a  tendoicy  in  iron  and  a  magnet  fa 
npproach  each  other,  and  attach  themfehes  toge- 
ther, and  that  with  fuch  force,  as  often  to  require 
a  conjiderabk  weight  to  feparate  them. 

Thefe  cnrions  phoenomena  may  be  illuflrated 
by  either  of  the  magnets  contained  in  the  ap- 
paratus, as  they  will  lift  greater  or  fmaller 
weights  in  proportion  to  their  ftrength. 

Place  a  piece  of  iron  on  a  cork,  and  put  the 
cork  into  water,  the  piece  of  iron  will  be  at- 
tra<5led  by,  and  follow^  a  magnet,  in  a  pleaiing 
manner; 

On  this  principle  many  ingenious  arid  enter- 
taining pieces  of  mechanifm  have  been  contri- 
ved* Small  fwans  fwimming  in  the  water 
have  been  made  to  point  out  the  time  of  the 
day,  &c. 

Place  a  magnet  upon  one  of  the  brafs  ftandsy 
and  prefent  one  end  of  a  fmall  needle  towards 
it,  holding  the  other  end  by  a  piece  of  thread, 
to  prevent  the  needk  fixing  itfelf  to  the  bar^ 
and  the  needle  will  be  pleafingly  fufpended  ifl 
the  air. 

Sufpend  a  magnet  under  the  fcale  of  a  ba- 
lance, and  counterpoife  it  by  weights  in  the 
other  fcale,  then  prefent  a  piece  of  iron  towards 

th6 
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the  magnetj  it  will  immediately  defcend,  and, 
if  the  iron  is  not  placed  at  too  great  a  diilance^ 
will  adhere  to  it :  now  fufpend  the  iron  under 
the  fcale  inilead  of  the  magnetj  then  bring  the 
latter  towards  it,  and  the  iron  will  defcend  and 
adhere  to  the  magnet. 

I'he  powers  or  properties  of  a  magnet  ma^  Us 
(ommunkaied  to  iron  and  ft  eel. 

To  give  a  detail  of  the  various  procelTes 
which  have  been  fuggefled,  for  the  touching 
or  communicating  the  properties  of  the  mag- 
net to  iron  or  fleel,  would  alone  fill  a  volume* 
I  ihall  therefore  only  give  an  account  of  two 
general  and  good  methods  which  I  prefume 
will  be  found  adequate  to  every  common  pur- 
J>ofei 

I*  Place  two  magnetic  bars  AB  fig*  loo,  in  aline, 
with  the  north  or  marked  end  of  one,  oppofed  to 
the  fouth  or  unmarked  end  of  the  other,  but  at 
fuch  a  diilance  from  each  other,  that  the  mag- 
net to  be  touched  may  reft  with  its  marked  end 
on  the  unmarked  end  of  A,  and  its  unmarked 
end  on  the  marked  end  of  B,  then  apply  the 
iiorth  end  of  the  magnet  D  and  the  fouth  tnd 
of  E  to  the  middle  of  the  bar  C,  the  oppoiite! 
ends  being  elevated  as  in  the  figure  ;  draw  D 
and  E  afunder  along  the  bar  C,  one  towards  A, 
the  other  towards  B,  preferving  the  fame  ele- 
vation^ 
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vation,  remove  D  and  C  a  foot  or  two  from  the 
bar  when  they  are  off  the  ends,  then  bring  the 
north  and  fouth  poles  of  thefe  magnets  together 
and  apply  them  again  to  the  middle  of  the  bar 
C  as  before ;  repeat  the  fame  procefs  five  or  fix 
times,  then  turn  the  bar,  and  touch  the  oppd- 
fite  furface  in  the  fame  manner,  and  afterwards 
the  two  remaining  furfaces,  and  by  this  means 
the  bar  will  acquire  a  ftrong  fixed  mag- 
netifm.  ^ 

2.  Place  the  two  bars  which  are  to  be  touched' 
parallel  to  each  other,  and  then  tinite  the  ends 
by  two  pieces  of  foft  iroii  called  fupporters,  ifi 
order  to  preferve,  during  the  operation,  the  cir- 
culation of  the  magnetic  matter  ;  iht  bars  ar6 
to  be  placed  fo  that  the  marked  end  B,  fig.  loi, 
may  be  oppofite  the  unmarked  end  D,  then  place 
the  two  attracting  poles  G  and  I  on  the  middle  of 
one  of  the  bars  to  be  touched,  raifing  the  ends 
fo  that  the  bars  may  form  an  obtufe  angle  of  i  oo 
or  120  degrees  J  the  ends  G  and  I  of  the  bard 
are  to  be  feparated  two  or  three  teh'ths  of  an 
Inch  from  each  other;  Keeping  the  bars  in  this 
pofition,'  move  them  llowly  over  the  bar  A  B, 
from  one  end  to  the  other,  going  from  end  to 
end  about  fifteen  times.  Having  done  this, 
change  the  poles  of  the  bars,  *  and  repeat  the 
fame  operation  on  the  bar  C  D,  and  then  on  the 

oppofitd 

*  That  is  the  marked  end  of  one  is  always  to  be  againft  the 
unniarked  end  of  the  other* 
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oppofite  faces  of  the  ,bars ;  the  touch,  thus. 
communicated,  may  be  farther  increafed,  by 
nibbing  the  different  faces  of  the  bars  with 
fets  of  magnetic  bars  difpofed  as  in  fig, 
102. 

It  feems,  that  in  order  to  render  fteel  magne- 
tical,  we  muft  fo  difpofe  the  pores  that  they 
may   form   contiguous  tubes   parallel  to  each 
Other,  capable  of  receiving  the  magnetic  fluid^- 
and  then  propagating  and  perpetuating  its  mo- 
tion, fo  that   the   magnetic  llream  may  enter 
with  eafe^  and  be  made  to  circulate  through 
3t  with  the  greateft  force  :  to  this  end,  it  is  ne- 
ceflary  to  be  particularly  attentive  in  the  choice 
of  the  Heel  which  is   to  be  touched ;  the  grain 
ihould  be  equal,  fmall,  homogenous,  and  with- 
out knots,  that   it  may  prefent  a  number  of 
equal  and  uninterrupted  channels  to  the  fiuidy 
from  one  end  to  the'  other  :  this  is  more  imme- 
diately important  in  the   choice  of  the  Heel  for 
the  needles  of  fea  compafles,  for,  if  the  fl:eel 
is  impure,  or  the  mode  of  touching  improper^ 
the  needle  may  have  different  poles  communi- 
cated to  it,  which  will  more  or  lefs  im^pede  the 
i^dtion  of  the  principal  needle  according  to  their 
ftrength  and  lituation. 

The  fteel  Ihould  be  well  tempered,  that  the 
pores  may  preferve  for  a  long  time  the  difpofi-' 
tion  they  have  received,  and  better  refill  thofe 
changes  in  their  diredion,  to  which  iron  and 
foft  fleel  are  liable.     The  difference  in  the  na~ 
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tiire  of  ileel  is  exceeding  great,  as  is  eafily 
proved  by  touching  in  the  fame  manner,  and 
with  the  fame  bars,  two  pieces  of  fleel  of 
equal  fize,  but  of  different  kind.- 

Steel  that  is  hardened,  receives  a  more  per- 
manent magnetifm  than  foft  fleel,  tho'  it  does 
not  appear  that  they  differ  from  each  other  in  any 
thing  but  the  arrangement  of  the  parts ;  per- 
haps the  foft  fleel  contains  phlogiflon  in  its 
largeft  pores,  while  hardened  fleel  contains  it 
in  the  fmaller*  Iron,  or  fteel,  have  very  little 
air  incorporated  in  their  pores ;  when  they  are 
feparated  from  the  ore,  they  are  expofed  to  a 
moft  ilitenfe  degree  of  heat,  and  mofl  of  the 
changes  to  which  they  are  afterwards  fubmit- 
ted,  are  effeded  in  a  red  hot  flate.  A  piece  of 
fpring-tempered  fleel  will  not  retain  as  much 
magnetifm  as  hard  fleel,  foft  fleel  flill  lefs,  and 
iron  fcarce  retains  any.  From  fome  experi- 
ments of  Mr.  MufTchenbroek,  it  appears,  that 
when  iron  is  united  with  an  acid,  it  will  not 
become  magnetical ;  but  if  the  acid  is  feparated, 
and  the  phlogiflon  reflored,  it  will  become  as 
magnetical  as  ever. 

The  dimenfions  and  fliape  of  a  magnet  will 
make  a  difference  in  its  force,  therefore,  the 
bars  to  be  touched,  ihould  neither  be  too  long 
nor  too  Ihort,  but  in  proportion  to  their  thick-' 
nefs ;  if  they  are  too  long,  the  pafTage  of  the 
magnetic  matter  coming  out  of  one  pole,  and 

proceed- 


ON      MAGNETISM.       339 

proceeding  round  the  magnet  to  enter  the  other, 
will  be  impeded,  and  its  velocity  lelTened.  If 
they  are  too  fhort,  the  fluid  which  comes  out 
from  one  pole,  will  be  repelled  and  thrown 
back  by  the  other  ading  parts  of  the  magnet, 
and  thus  be  carried  too  far  from  the  pole  into 
which  it  ought  to  enter,  and  prevent  the  conti- 
nued circulation  of  the  ma9;netic  matter.  If 
they  are  too  thin,  then  the  number  of  pores  are 
too  few  to  receive  a  ftream  fufhciently  ftrong  to 
refift  the  obftacles  in  the  external  fpace  ;  while, 
if  they  are  too  thick,  the  ftrait  and  regular  di- 
reflion  of  the  channel  is  injured  by  the  diffi- 
culty which  takes  place  in  the  arrangement  of 
the  interior  channels,  as  the  magnetic  matter  has 
not  fufhcient  force  to  penetrate  the  Iteel  to  any 
confiderabie  depth,  and  thus  injures  the  circu- 
lation of  the  fluid. 

All  the  pieces  Ihould  be  well  polifhed ;  it  Is 
of  the  greateft  importance  that  the  ends  fhould 
be  flat  and  true,  fo  as  to  touch,  in  as  many 
points  as  is  poflible,  the  ends  of  foft  iron  whicll 
keep  up  the  circulation.  Inequalities  on  the 
faces,  but  principally  near  the  poles,  are  to  be 
avoided,  as  thefe  occafion  irregularities  in  the 
circulation,  and  thus  diminifh  its  velocity, 
which  is  one  of  the  principal  fources  of  mag- 
netic power. 

While  the  bars  are  touching,  the  ends  of  foft 
iron  fhould  be  kept  in  conitant  contad  witli 
the  bars,  for  a  momentary  feparation  is  fufticicnc 
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to  deflroy  the  efFe£t  of  the  operation,  as  the  fltiM 
will  be  inftantly  difperfed  in  the  air. 

The  operator  ought  not  to  flop  longer  on  the 
iirll  bar  than  is  neceffary  to  open  the  pores,  and 
to  arrange  them  magnetically,  paffing  imme- 
diately to  the  other,  to  form  an  opening  for 
the  fluid  which  iflues  from  the  firft. 

It  is  moil  advantageous  to  turn  the  bar  that  is 
quitted,  while  the  touching  magnets  are  placed 
on  the  other  ;  by  this  means,  the  flream  that  is 
to  be  excited  will  difpofe  the  channels  of  the  firft^ 
and  thus  render  the  operation  more  efficacious ; 
beiides,  by  only  turning  one  bar  at  a  time,  the 
touching  bars  need  never  be  totally  removed 
during  the  whole  operation,  acircumftance  which 
Vv^ill  contribute  to  the  flrength  of  the  magnet. 

The  touching  bars  fliould  never  be  feparated 
but  at  the  equator  of  the  magnet ;  and  their  mo- 
tion over  the  others,  fhould  be  flow  and  regular. 

The  magnetic  power  of  touched  needles  has 
been  encreafed  by  leaving  them  for  fome  time  in 
linfeedoil. 

It  may  contribute  to  the  effeds  of  the  ope- 
ration if  the  bars  A  and  B,  fig.  loo,  are  placed 
in  the  dire^lion  of  the  magnetic  meridian,  and 
are  inclined  to  the  horizon  in  an  angle  equal- 
to  the  dip  of  the  needle. 

The  fixed  power,  thus  communicated  to  a 
magnet,  is  impaired  if  it  is  laid  amongfl  iron, 
o¥  by  ruil;  it  may  be  injured  alfo  by  fire,  as 
each  of  thefe  circumftances  will  change,  or 
confufe  the  dire^Sioa  of  the  magnetic  ftream. 

Place 
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Place  a  fmall  magnetic  needle  on  the  pivot  of 
one  of  the  fmall  {lands,  and  put  it  between  two 
magnetic  bars,  fo  that  the  north  end  of  the  bar 
may  be  near  the  fouth  end  of  the  needle  ;  the 
fmall  needle  will,  without  any  apparent  caufe, 
be  thrown  into  a  violent  vibratory  motion,  and 
feem  as  it  were  animated,  till  it  is  faturated  with 
magnetifm,  when  it  will  become  quiefcent. 
The  vibratory  motion  is  probably  occalioned  tjy 
the  irregularity  of  the  impreffions  it  receive? 
from  the  magnetic  fluid,  and  the  difficulty  that 
fluid  finds  in  entering  the  needle. 

All  caufes,  that  are  capable  of  making  the 
magnetic  fluid  move  in  a  ftream,  will  produce 
magnetifm  in  thofe  bodies  which  are  properly 
qualified  to  receive  it. 

If  bars  of  iron  are  heated,  and  then  cooled 
equally,  in  various  direftions,  as  parallel,  per- 
pendicular, or  inclined  to'  the  dipping  needle, 
the  polarity  will  be  fixed  according  to  their  po- 
fition,  fl:rongefl  when  they  are  parallel  to  the 
dipping  needle,  and  fo  lefs  by  degrees,  till  they 
are  perpendicular  to  it,  ^  when  they  will 
have  no  fixed  polarity ;  but  if  upon  cooling  a 
bar  of  iron  in  water,  the  under  end  is  confider- 
ably  hotter  than  the  upper,  and  the  upper  end 
is  cooled  firft,  it  will  fometimes  become  the 
north  pole,  but  not  always.  If  iron,  or  fleel, 
undergo  a  violent  attrition  in  any  one  particu- 
lar part,  they  will  acquire  a  polarity  ;  if  the 
iron  is  foft,  the  magnetifm  remains  very  little 
longer  than  while  the   heat  continues.     Light- 
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ening  is  the  ftrongeft  power  yet  known  In  pro- 
ducing a  ftream   of  magnetifm ;  it  will,  in  an, 
inflant,  render  hardened   fteel  ftrongly   magne- 
tical,  and  invert  the  poles  of  a  magnetic  needle» 
To    make    a    magnetical    bar    with    feveral 
poles,  place  magnets  at  thofe  parts  where  the 
poles  are   intended  to  be,  the  poles  to  be   of  a 
contrary  name  to  thofe  required,  and  if  a  fouth 
pole  is  fixed  on  one  part,  the  two  next  places 
muft  have  north  poles  fef  againil  them ;  con- 
iider  each   piece  between  the    fupporters  as  a 
feparate  magnet,  and  touch  it  accordingly. 

^here  are  certain  pvints  in  a  magnet  in  which  its 
virtues  J eem  as  it  were  concentrated. 

Let  a  magnet  be  placed  on  one  of  the  brafs 
{lands  contained  in  the  apparatus,  and  then 
try  what  number  of  iron  balls  it  will  fuftain  at 
different  parts ;  it  will  be  found  to  fupport  mofl 
near  the  ends,  evincing  that  the  magnetic 
power  is  exerted  there  with  the  greatefl  force. 

Place  the  fmall  brafs  weight,  which  is  in  the 
box,  on  the  north  end  of  the  fmall  dipping 
needle,  and  then  prefent  the  fouth  end  of  a 
magnet  to  the  end  of  the  arch,  this  will  repel 
the  end  of  the  needle  to  a  certain  degree ;  then 
move  the  magnet  progreffively  forwards,  and 
the  needle  will  fall  down  gradually  till  it  comes 
to  zero.  If  the  magnet  is  moved  farther,  the 
index  will  be  attraded  towards  i^ 
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Tojind  the  Poles  of  a  Magnet. 

Let  a  magnet  be  placed  under  one  of  thofe 
panes  of  glafs  which  are  contained  in  the  bot- 
tom of  the  box  ;  iift  fome  fteel  filings  on  this 
glafs,  and  then  ftrike  it  gently  with  a  key,  in 
order  to  throw  the  glafs  into  a  vibratory  mo- 
tion ;  this  will  difengage  the  filings,  and  they 
will  foon  be  arranged  in  a  pleafing  manner  : 
thofe  parts  of  the  magnet  from  which  the 
curves  feem  to  take  their  rife,  and  over  which 
the  filings  feem  to  be  almoit  eredt,  are  the 
poles  of  the  magnet. 

In  this,  as  well  as  many  other  magnetical  expe- 
riments, a  mechanical  force  is  evidently  exerted, 
detaching  the  particles  of  iron  from  one  fitua- 
tion,  removing  them  to  another,  and  then  retainr 
ing  them  there  with  confiderable  force. 

The  poles  of  a  magnet  rriay  be  afcertained 
with  greater  accuracy  by  means  of  the  fmali 
dipping  needle ;  place  this  on  a  magnet,  and 
move  it  backwards  and  forwards  till  the  needle 
is  perpendicular  to  the  magnet,  it  will  then 
point  dire<5lly  to  one  of  the  poles ;  when  it  is 
between  the  north  and  fouth  poles,  fo  that  their 
mutual  aftions  balance  each  other,  the  center 
of  the  needle  will  ftand  over  what  is  called  the 
equator  of  the  magnet,  and  the  needle  will  be 
exaftly  parallel  to  the  bar.  If  it  is  then  removed 
Z  4  to- 
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towards  either  pole,  it  will  be  differently  in- 
clined according  to  its  diftance  from  the  poles. 

Hold  a  common  fmall  fewing  needle  (wit]| 
ionic  thread  in  its  eye)  near  a  magnet  for  a  few 
feconds,  then  bring  it  gradually  towards  the 
middle  of  a  magnetic  bar,  and  the  powers  of 
the  magnet  will  fo  far  countera6l  the  force  of 
gravity  as  to  keep  it  fufpended  in  the  air,  in  a 
poiition  which  is  nearly  parallel  to  that  of  the 
magneto 

There  is  no  magnetical  attraction  without 
polarity ;  it  is  confequently  abfurd  to  fuppofe, 
that  a  magnet  may  have  a  ilrong  attradive 
power,  but  a  weak  polarity,  or  diredlivc 
power, 

Ijei:  an  iron  rod  he  exa5ily  balanced  and  fuf- 
pended on  a  -pointy  fo  as  to  revolve  in  a  plane  pa- 
rallel to  the  horizon  ;  communicate  the  magnetic 
mirtue  to  this  rod,  and  one  extremity  will  he  al- 
ways direMed  towards  the  north. 

Place  any  of  the  untouched  needles  in  the 
apparatus  on  a  point,  and  it  may  be  fixed,  or 
will  remain  in  any  required  fituation ;  commu- 
nicate the  magnetic  virtue  to  it,  and  it  will  no 
longer  be  indifferent  as  to  its  fituation  ;  but  will 
€x  upon  one,  in  preference  to  any  other,  one  end 
pointing  towards  the  north,  the  other  towards 
the  fouth* 
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It  is  not  improbable,  that  in  fome  future  pe- 
riod, it  may  be  difcovered,  that  moil  bodies 
are  polTeffed  of  a  polarity,  and  will  aflame  di- 
rections relative  to  the  various  affinities  of  the 
elements  of  which  they  aj*e  compounded. 

The  diredive  power  of  a  touched  needle  is 
of  the  greateft  importance  to  mankind,  as  it  en^- 
ables  the  mariner  to  traverfe  the  ocean,  and  thus 
•feinite  the  arts,  manufactures,  and  knowledge  of 
diftant  countries,  together.  The  furveyor,  the 
miner,  and  the  aftronomer,  derive  many  ad- 
vantag^es  from  this  wonderfial  property. 

The  mariner's  compafe  confifls  of  three  parts, 
the  box,  the  card  or  fly,  and  the  needle. 

The  card  is  a  circle  of  fliff  paper  reprefentr 
ing  the  horizon,  with  the  points  of  the  compais 
marked  on  it ;  the  magnetical  needle  is  fixed  to 
the  under  fide  of  this  card  ;  the  center  of  the 
jieedle  is  perforated,  and  a  cap,with  a  conical  agate 
at  its  top,  is  fixed  in  this  perforation;  this  cap  is 
hung  on  a  fteel  pin,  which  is  fixed  to  the  bot- 
tom of  the  box ;  the  box  has  a  cover  of  glafs, 
and  is  mounted  on  jimbais.  At  fome  future 
period,  I  mean  to  treat  of  the  various  modes 
that,l?.ave  been  adopted  in  conftrudling  fea  com- 
pafles,  and.  of  their  various  faults  and  excel- 
lencies. 

It  is  by  no  means  clearly  decided  who  was 
^e  original  inventor  of  the  mariner's  compafs  ; 
h"^  fome  it  is  attributed  to  Flavio  Gioa,  of  A- 
nalfi^  in  Campania,  who  lived  about  the  be- 
ginning 
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ginning  of  the  1 4th  century  ;  fome  fay  it  c^fme 
from  the  Eafl ;  others  that  it  was  known  even 
earlier  in  Europe. 

The  contrary  poles  of  two  magnets  attract 
each  other. 

The  north  poles  of  two  magnets,  when  brought 
contiguous,  repel  each  other.  The  fouth  poles 
alfo,.  when  brought  near,  repel  each  other. 

Tliefe  phoenomena  are  caiily  illuftrated  by  a 
¥ariety  of  pleafing  experiments, 

Sufpend  on  a  point  a  touched  needle,  then 
prefent  towards  its  nprth  pole  the  fouth  pole  of 
a  magnet,  and  it  Vi^ill  be  attradied  by,  and  fly 
towards  it ;  prefent  the  other  pole  of  the  mag- 
met,  and  the  needle  will  fly  from  it» 
,  Fix  two  needles  horizontally  in  two,  pieces  af 
Gork,  and  put  them  in  water ;,  if  the  poles  of  the 
fame  name  are  placed  together,  they  will  mu- 
tually repel  each  other.  If  the  poles  of  a  con- 
trary denomination  are  turned  towards  each 
other,  they  vv^ill  be  attra6ted  and  join. 

Dip  the  north  or  fouth  ends  of  two  magnets 
in  fleel  filings,  which  will  hang  in  cluflers  from 
the  end  of  the  bars ;  bring  the  ends  of  .he  bars 
towards  each  other,  and  the  ileel  filings  on  one 
bar,  will  recede  from  thofe  on  the  other.  Dip, 
the  fouth  pole  of  one  magnet,  and  the  north 
pole  of  the  other,  into  fleel  filings,  then  let  the 
ends  be  brought  near  to  each  other,  and  the 
tufts  of  filings,  will  unite,  forming  fmall  circu- 
lar arches. 

Pl:^cs 
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Place  the  cylindric  magnet,  which  forms 
part  of  the  apparatus,  on  a  fmooth  horizontal 
plane,  and  bring  the  Heel  fifh  near  and  parallel 
fco  it,  with  its  head  towards  the  marked  end  of 
the  magnet,  and  the  round  bar  will  roll  from  it  ; 
turn  the  iilh  fo  that  the  tail  may  be  towards  the 
marked  end,  and  the  magnet  will  follow  it. 

This  curious  property  of  the  magnet  was  the 
foundation  of  the  experiments  that  were  fhewn  in 
London  ibme  years  fince  by  Comus,  a  great  va- 
riety of  them  are  defcribed  in  "  Hooper's  Ra- 
tional Recreation."  To  explain  the  nature  of 
thefe,  a  piece  of  brafs,  filed  into  the  lliape  of 
^n  heart,  is  included  in  the  apparatus;  a  magnet 
is  inferted  in  this  piece  of  metal ;  put  the  heart 
into  its  box,  and  place  a  compafs  over  the  box 
with  the  north  point  towards  the  middle  of 
that  part  of  the  box  where  the  cover  Aides 
out;  obferve  the  dire6tion  of  the  needle;  then 
take  out  the  metal,  invert  it,  put  it  in  its  place 
again,  and  obferve  the  diredlion  of  the  needle ; 
by  keeping  thefe  obfervations  in  mind,  you 
may  readily  difcpver  which  fide  of  the  heart  is 
uppermoft,  though  put  in  unknown  to  you. 

^be  magnetic  matter  moves  in  a  Jiream  from 
cm  pole  to  the  other ^  internally,  and  is  then  carried 
hack  in  mrved  lines,  externally^  till  it  arrives 
again  at  the  pqle^  where  it  firfi  entered^  to  be  again 
admitted. 

Put  one  of  the  glafs  panes  over  a  magnetical 
i)ar,  fift   fteel  filings  on  the  glafs,  then  ftrike 

the 
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the  glafs  gently,  and  the  filings  will  difpofe 
themfelves  in  fuch  manner  as  to  reprefent, 
with  great  exa^tnefs^  the  courfe  of  the  magne- 
tic matter.  The  curves  by  which  it  returns 
hack  to  the  pole,  where  it  firft  entered,  are  alfo 
accurately  expreffed  by  the  arrangement  of  the 
filings.  The  largeft  curves  rife  from  one  polar 
furfaee,  and  extend  to  the  other  ;  they  are  larger 
in  proportion  as  they  rife  nearer  the  axis  m 
center  of  the  polar  furface  ;  the  curves  which 
a-iife  from  the  fides  of  a  magnetical  body,  are 
ir.^pibr  to  thofe  which  arife  from  the  polar 
lir''.;ce'3,  and  are  fmaller  and  fmaller  in  pro- 
pertiori  to  their  diftance  from  the  ends.  That 
the  magnetic  matter  does  move  back,  in  a  di- 
rection contrary  to  that  with  which  it  paffes 
through  the  magnetical  body,  is  confirmed  by 
its  adion  on  a  fmall  compafs  needle,  when  pre- 
ftjnted  to  it  at  different  places.     See  fig,  log. 

The  greater  the  diflanee  is  between  the  poles 
of  a  magnet,  the  larger  are  the  curves  which 
^rife  from  the  polar  furface.. 

^be  immediate  caufe  why  two  or  more  magne- 
tical bodies,  attract  each  other,  is  the  pajfage 
€f  one  and  the  fame  magnetical  Jiream  through 
them. 

Let  two  magnets  be  placed  at  fome  d'illance 
from  each  other,  the  fouth  pale  of' one  oppofed 
feo  the  north  pole  of  the  other,  lay  a  pane  of 

glafs 
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giafs  over  them,  and  fprinkic  it  with  fteel 
filings,  then  flrike  the  pane  gently  with  a  key, 
and  the  filings  will  arrange  themfelves  in  th« 
dirediion  of  the  magnetic  virtue.  The  filings 
which  lay  between  the  two  polar  furfaces,  and 
near  the  common  axis,  are  difpofed  in  ilraif 
lines  going  from  the  north  pole  of  one,  to  the 
fouth  pole  of  the  other :  the  pores  being  now  m 
the  fame  diredion,  fo  that  the  fluid  which  pafRs 
thro'  A  B,  fig.  104,  finds  the  pores  at  the  pole  a 
open  to  receive  them,  it  will  therefore  pafs 
through  this,  and  coming  out  at  h  will  turit 
towards  A,  to  continue  its  ftream  through  the 
magnet,  and  thus  form  one  atmofphere  or  vor- 
tex, which  prefTed,  on  all  fides,  by  the  elaflis 
force  of  the  other,  carries  the  magnets  towards 
each  otheri  At  different  diftances  from  the 
axis  the  filings  defcribe  regular  curve  lines^ 
which  run  from  one  pole  to  the  other,  and  di- 
verge from  each  other  in  moving  from  the 
fouth  pole,  till  they  come  half  way,  they  then 
converge  more  and  more,  till  they  arrive  at  the 
north  pole.  If  the  oppofed  poles  are  diflant 
from  each  other,  fome  arches  will  pafs  from 
one  pole  to  the  other  of  the  fame  magnet ;  fewer 
will  be  formed  in  this  manner  if  they  are 
brought  nearer  together,  and  more  will  proceed- 
from  one  magnet  to  the  other ;  the  flream  of 
the  magnetic  matter  will  feem  more  concen- 
ttated  and  abundant. 

White 
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While  the  ma^hets  remain  in  the  foreeoinff 
poiition,  place  a  fmall  utttouehed  bar  or  needle 
in  the  ftream  of  the  magnetic;  virtue ;  this 
will  pafs  through  it,  and  give  it  a  polarity  in 
the  dirediion  of  the  fhream. 

On  the  fame  principle,  a  large  key,  or  other 
untouched  piece  of  iron,  will  attrad:  and  fup- 
port  a  fmall  piece  of  iron,  while  it  is  within  the 
fphere  of  aftion  of  the  pole  of  a  magnet,  but 
will  let  them  fail  when  it  is  out  of  the  ma.o-ne-' 
tic  ftream. 

A  ball  of  foft  irdn  iri  cdntaft  with  a  magnetji 
will  attrad  a  fecond  ball,  and  that  a  third,  till 
the  ilream  becomes  too  weak  to  fupport  2 
greater  weight. 

Put  into  motion  one  of  the  finall  whirligig^ 
with  an  iron  axis,  and  then  take  it  up  by  a 
magnet;  it  will  preferve  its  rotatory  motion 
much  longer  than  if  it  were  left  to  whirl  oi> 
the  table  ;  a  fecond  and  a  third  whirligig  may 
be  fufpended  one  under  another,  according  td 
the  ftrength  of  the  magnet,  and  yet  continue  in 
motion. 

Place  a  magnet  upon  each  of  the  brafs  ftands^' 
with  their  poles  of  contrary  names  oppofed  to 
each  other,  and  a  pleafing  chain  of  iron  balls 
may  be  fufpended  between  them.  Prefent 
pither  pole  of  another  magnet  towards  them, 
and  they  will  fall  down. 

If  a  large  piece  of  iron  is  held  at  one  pole  of 
a  magnet,  it  will  encreafe  the  attradion  of  the 

other 
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Jstlier  pole,  and  enable  it  to  lift  more  than  it 
would  otherways  doi 

Magnetic  Repuljjon  arifes  from  the  a'ccumuU- 
tion  of  the  magnetic  fluid,  and  the  rcjifiame 
formed  to  its  entrance  in  the  magnet. 

If  the  two  poles  of  the  fame  name  of  two  m.ag- 
nets  are  brought  near  to  each  other,  and  placed 
under  a  pane  of  glafs,  on  which  iron  filings  have 
been  llrewed,  the  filings  will  be  difpofed  Into 
curves,  which  feem  to  turn  back  from  each  other 
■towards  the  oppofite  pole^  The  fluid  which  pro- 
ceeds from  B,  fig.  103,  meeting  with  refiftance 
from  the  pores  at  D,  is  forced  to  turn  bade,  and 
circulate  round  its  own  magnet,  and  thus  form  two 
atmofpheres, which  aft  againft  each  other,  in  pro- 
portion to  the  force  and  quantity  of  the  ftreara 
\yhich  paffes  through  the  magnets. 

Take  a  fleel  needle,  with  a  very  fine  pointy 
and  rub  it  from  the  eye  to  the  point  .five  or  fix 
tim.es  with  the  north  pole  of  a  magnetic  bar ;  the 
eye  will  be  the  north,  and  the  point  the  foutli 
pole  of  the  needle. 

The  attradion  and  repulfion  of  magnets  is 
not  hindered  or  encreafed  by  the  interpofitioii 
of  any  body  whatever^ 

Dip  the  point  of  the  needle  in  fteel  filings,' 
and  it  will  take  up  a  confiderable  quantity. 
Take  the  magnetic  bar  in  one  hand,  and  the 
needle  with  the  filings  in  the  other,  hold  them 

parallel 
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Irafallel  to  the  horizon,  with  the  point  of  thc^ 
needle  near  the  fouth  pole  of  the  magnet,  anc! 
the  fleel  filings  will  fall  from  the  point  of  the 
needle ;  as  foon  as  the  filings  drop  off  from  the 
point,  withdraw  it  from  the  fphere  of  adion  of 
the  magnet,  and  the  point  will  be  fo  far  de- 
prived of  its  attradiive  qualit}^,  that  it  will 
not  again  attract  the  fleel  filings.  If  the  needle 
Is  not  taken  away,  but  continues  for  a  few  mi- 
nutes about  half  an  inch  from  the  bar^  the  po- 
larit};^  of  the  needle  will  be  changed  *. 

Hang  a  number  of  balls  to  each  other,  by  ap= 
|)lying  the  firfl  to  the  north  pole  of  a  magnet, 
prefeht  the  fouth  pole  Cf  another  magnet  to  one' 
of  the  middle  balls,  and  all  thofe  below  it  will 
thereby  be  deprived  of  the  magnetic  flream, 
and  fall  afunder ;  the  ball  to  which  the 
magnet  was  applied  will  be  attrafted  by  it,  and 
all  the  others  will  remain  fufpended.  If  the 
liorth  end  of  the  magnet  be  prefented,  then  the 
ball,  to  which  it  is  applied,  will  alfb  drop. 

A  fingular  facSt  is  related  by  fome  ancient 
■writers  on  magnetifm.  That  if  two  loadftones, 
a  ftronger  and  a  weaker,  have  their  repellent 
poles  brought  together,  the  weaker  will  have 
its  power  confufed,  and  will  not  come  to  itfelf 
for  fome  days  ;  the  polarity  of  the  part,  in  con- 
tadl,  becomes  inverted  by  the  flronger  power; 
but  as  that  power  reaches  but  a  little  way  be- 
yond 

f  Farther  Proof's,  &c.  by  Mr.  Lyon,  p.  60, 
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yond  the  polar  furface,  the  unaltered,  pov/er,  in 
the  remaining  part  of  the  ftone,  is  able,  by  its. 
contrary  force,  to  reftore  the  coniufed  part  of 
the  flone  in  a  few  days. 

It  does  not  appear  that  there  is  any  certain 
law  of  attraftion  peculiar  to  magnetifm  ;  for  in 
different  pairs  of  magnets,  the  force  will  vary 
at  different  diftances.  The  magnetic  attraflion 
is  not  to  be  computed  from  the  center  of 
the  magnets,  but  from  the  center  of  the 
J)ole.   , 

Thd'  many  experiments  have  been  made  to  dif- 
Gover,  whether  the  force  by  which  two  magnetSi 
are  repelled  or  attra<5ted,  a6ts  only  to  a  certain 
diftance;  whether  the  degrees  of  its  adlion  with- 
in,' and  at  this  diflanccj  is  uniform  or  variable, 
and  in  what  proportion,  to  the  diflances  it  en- 
creafes  or  diminifhes ;  yet  we  can  only  infer 
from  them,  that  the  magnetic  power  ex- 
tends further  at  fome  times,  than  it  does  at 
othets,  and  that  the  fphere  of  its  ad;ion  iu 
variable.  • 

The  fmallef  the  loadftone  or  the  magnet  is, 
the  greater  is  its  force,  c(eteris  paribus,  in 
proportion  to  its  fize.  Though  when  the 
axis  of  a  magnet  is  Ihort,  and  of  courfe  iti 
poles  very  near,  their  adion  on  each  other 
weakens  the  magnetic  force.  A  variety  of  other 
caufes  will  alfo  occafion  great  irregularity  in  the 
ittradion  of  magnetifm.  If  one  end  of  a  magnet 
Is  dijpped  in  ft.ed  filings^,  we  lh.al]  find  that  they 

A  a  ar^' 
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are  very  feldom  diflributed  with  uniformity,  hut 
difpofed  in  little  tufts,  fome  places  more  thick 
than  others.  The  force  of  magnetic  attrac- 
tion between  the  farne  magnets,  and  at  the  fame 
difiance,  may  be  varied  by  turning  the  magnets 
on  their  axis,  and  making  different  parts  of  the 
polar  furfaces  regard  each  other.  If  a  llrong 
magnet  be  applied  to  a  weaker,  a  kind  of  re- 
puifion  feems  to  take  place  even  between  poles' 
of  the  fame  name,  but  its  force  is  overpowered 
'by  the  attradion  of  the  ilronger. 

If  a  touched  needle  is  placed  near  a  magnet, 
<its  direftion  to  the  magnetic  meridian  is  fuf- 
pended,  and  it  affumes  a  diredtion  relative  to  itj 
lituation  and  diitance  from  the  poles  of  the 
magnet.  Place  a  fmall  needle  on  the  pointed 
end  of  one  of  the  brafs  Hands,  and  then  bring: 
it  near  the  magnet,  the  needle  will  dired:  itfelf 
differently,  according  to  its  diftance  from 
the  poles  of  the  magnet.-  Thefe  relative 
iituations  and  tendencies  are  more  plealingly 
pbferved.  by  placing  feveral  touched  needles 
round  the  bar  at  the  fame  time.  The  motion  of 
the  fni'll  uipping  necnic  x'urther  illuftrates  this 
pyopoiitiono  From  the  three  laft  experiments 
Tarioiis  others  of  coniiderable  importance  may 
be  derived  for  accurately  invefligating  the 
curves,  according  to  wdiich  the  magnets  ad^ 
'^nd  iilultrating  further  fome  of  the  intricate 
branches  of  magnetifm,  i, 

The 
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The  northern  magnetifm  is  deftroyedby  the 
isommunicatlon  of  the  fouthern,  and  vice  verfa. 
Hence  it  is  clear^  that  the  two  magnetic  powers 
pounterad  each  other,  and  that  if  both  be  com- 
municated to  the  fame  arm  of  a  magnet,  the 
magnetifm  acquired  by  the  arm  will  be  that 
of  the  flrongeft,  and  as  the  difference  betweeri 
the  two  powers* 

Two  ftrait  magnets  will  n6t  be  weakened,  if 
they  are  laid  parallel  to  one  another,  with 
poles  of  the  oppofite  denomination  corref- 
ponding  to  each  others  the  ends  being  con- 
tieded  together  by  pieces  of  iron,  which 
will  keep  up  and  facilitate  the  circulation 
of  the  magnetic  fluid  through  them  ;  but  they 
ihould  never  be  fuffered  to  touch  each  other^ 
except  when  they  lie  in  the  fame  dirediion^  and 
With  poles  of  contrary  names. 

A  fingle  flrait  magnet  fliould  be  always  kept 
with  its  fouth  pole  towards  the  north,  or  down* 
Hvards  in  the  northern  magnetic  hemifphere,  and 
i)ke  verfa,  in  the  fouthern  hemifphere*  Irori 
ihould  never  be  lifted  but  by  the  fouth  pole  of 
a  ftrait  magnet  in  this  hemifphere  of  the  worlds 

Every  kind  of  violent  percuflion  weakens 
the  power  of  a  magnet ;  a  ftrong  magnet  has 
been  entirely  deprived  of  its  virtue  by  receiv* 
ing  feveral  fmart  ftrokes  of  a  hammer ;  indeed^ 
whatever  deranges,  or  difturbs  the  internal  pores 
of  a  magnet,  will  injure  its  magnetic  force,  as 
the  bending  of  touched  iron,  wires,  &c. 

,  -    A  a  a  F'^^ 
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Fill  a  fmall  dry  glafs  tube  with  iron  filings^' 
prefs  them  in  rather  clofe,  and  then  touch 
the  tube  as  if  it  was  a  Heel  bar,  and  the  tube 
will  attrafl  a  light  needle,  he,  fliake  the  tube 
fo  that  the  fituation  of  the  filings  may  be  dif- 
turbed,  and  the  magnetic  virtue  will  vanifh. 

But  though  a  violent  percuffion  will  deflroy  a 
fixed  magnetifm,  yet  it  will  give  polarity  to  an 
iron  bar  which  had  none  before ;  for  a  few  fmarC 
ftrokes  of  an  hammer,  on  an  iron  bar,  will  give 
it  a  polarity,  and  by  hitting,  firft  one  end  of 
the  bar,  and  then  the  other^  while  it  is  held  in  a 
vertical  fituation  the  poles  may  be  changed, 
Twift  a  long  piece  of  iron  wire  backwards 
and  forvvards  feVeral  times,  then  break  it  off  at. 
the  twifted  part,  and  the  broken  end  will  be 
•magnetical. 

If  a  magnet  be  cut  through  the  axis,  the  feg- 
ments,  which  were  joined  before^  will  avoid 
and  fiy  from  each  other.' 

If  a  magnet  is  divided  by  a  fe6tioh  perpen- 
dicular to  the  axis,  the  parts  which  were  joined 
before  will  have  acquired  contrary  poles,  one 
north,  the  other  fouth,  thus  generating  a  nevsf 
magnet  at  every  feftion 

From  thefe,  and  fimilar  experiments,  Mr. 
Ecles  infers,  that  magnetifm  confifts  of  two 
different  diflin^t  powers,  which  in  their  natural 
llate  are  conjoined,  and  exert  but  little  fen* 
fible  adion,  and  Itrongly  attrad  each  other  at 
all  times ;  but  when  they  are  feparated  by  force,- 
-they  ad  like  thofe  of  eledricity;  for  if  mag- 

netifiij 
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fietiflii  is  excited  in  two  different  pieces  of  ftecl 
by  the  fouth  pole  of  a  magnet,  the  ends  repel 
each  other ;  but  if  one  piece  be  excited  by  the 
north  pole,  an.d  another  by  the  fouth,  they  will 
attrad:  each  other.     He  further   fuppofes,  that 
a  magnet  attrads,  and  is  attraded,  not  entirely 
according  to  its  own  ftrength,  but  according  to 
the  quantity  of  iron  to  be  attraded  ;  and  that 
magnetifm  is  a  quality  inherent  in  all  iron,  and 
of  which  it  cannot  be  divefted ;  for  fire,  whi^l:^ 
will  dellroy  a   fixed  magnetifm,  does   not  de-r 
priveitof  its  natural  quantity  ;  on  the  contrary, 
it  will  give  it  a  polarity,  or  fixed  magnetifm, 
according  to  the  manner  of  heating  or  cooling 
the  iron. 

In  an  unarmed  magnet,  the  magnetic  flream 
13  carried  back,  on  all  fides,  in  curved  lines  to 
the  contrary  poles  ;  but  when  armour,  or  plates 
of  iron,  are  applied  to  each  pole,  the  direclion 
of  the  magnetic  fluid  is  changed,  and  it  is  con- 
duced, united,   and  condenfed,  at  the  feet  of 
the  armour;  fo  th2.t  if  the  feet  are  conne6led  by 
another  piece  of  iron,,  which  is  called  a  lifter, 
the'  ftream  proceeding  frorrj  one  pole  is  carried 
\^y  the  lifter  to   the  other,  which  caufes  it  to 
adhere   with    confiderable  force.     A  chain  of 
balls  may  be  formed  between  the  two  feet  in- 
Itead  of  a  lifter. 

Place  the  armed  magnet  under  a  glafs  plane, 

f|,rewed  pver  with  fteel  filings,  and  thefe  will  be 

A  a  3  arranged 
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arranged  in  curves  which  go  from  one  foot  to 
the  other. 

The  armour  lliould  be  formed  of  foft  horoo'^ 
genous  iron,  well  fitted  to  the  ends  of  the  mag^. 
nets ;  it  fliould  alfo  be  thickerj  in  propor* 
tion  as  the  diftance  of  the  poles  from  each 
other  encreafes. 

Mr.  Savery  has  adduced  feveral  Inftances  to 
ihcv'  the  force  and  adiion  of  the  earth's  mag- 
net'An  i  among  others,  that  it  will  fupport  fmall 
pieces  of  Iron.  He  hung  up  a  bar  of  iron,  about 
five  feet  long,  by  a  loop  of  fmall  cord,  at  the 
upper  end,  and  then  carefully  wiped  the  lower 
end,  and  tne  point  of  a  nail,  that  there  might 
be  no  duft  or  moifcure  to  prevent  a  good  con- 
ta(5t ;  then  holding  the  nail  under  the  bar,  with 
its  point  up  vard,  he  kept  it  clofe  to  the  bar^ 
holding  OLly  one  finger  under  its  head  for  the 
fpQce  of  thirty  or  more  feconds,  then  withdraw- 
ing riis  finger  gently  downwards  that  the  nai|, 
might  not  vibrate ;  if  it  fell  off,  he  wiped  the 
point  as  before,  and  tried  Ibme  other  part  of 
the  plane  at  the  bottom  jof  the  bar.  If  the  ends 
are  fimil?ir,  and  the  bar  has  no  permanent  vir^ 
tue,  it  is  indilltrent  which  end  is  downwards  ^ 
if  it  has  an  imperfed:  degree  of  polarity,  one 
^nd  will  anfwer  better  than  the  other. 

The  upper  end  A  of  a  long  iron  rod,  which 
has  no  fixed  polarity,  will  attract  the  north  end 
pf  a  magnetic  needle;  the  under  end  B  repels  the 
north  end  of  the  needle ;  invert  the  iron  bar, 
^4  the  end  B^  which  is  now  t:he  upper  one. 
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ivill  attract  the  north  pole  of  the  needle  that  it 
repelled  before  ;  the  cafe  is  the  fame,  if  the  bar 
is  placed  horizontally  in  the  magnetic  meri- 
dian, the  end  towards  the  fouth  will  be  a  north 
pole. 

Iron  bars  of  windows,  which  have  remained 
long  in  a  vertical  poiition,  acquire  a  fixed  po^ 
•larity.  Mr.  Lewenhoek  mentions  an  iron  crofs, 
which  was  fuppofed  to  have  flood  on  the  iteeple 
of  a  church,  at  Velft,  about  200  years,  which 
liad  acquired  a  ftrong  fixed  magnetifm. 

^he  needle  of  the  mariner's  compafs,  does  not 
point  exactly  to  the  north,  hut  is  ohferved  to  change 
its  azimuth^  pointing  fometimes  towards  the  eaji^ 
and  fometimes  to  the  wejl  of  the  meridian. 

This  deviation  from  the  meridian  is  called 
the  variation  of  the  needle,  and  is  different  at 
different  parts  of  the  world,  being  w^ft  at  fome 
places,  ealt  at  others,  and  in  parts  where  the 
variation  is  of  the  fame  name,  its  quantity  is 
very  different. 

Though  the  direftive  power  of  the  compafs 
was  applied  to  the  purpofes  of  navigation  in  the 
fourteenth  and  fifteenth  century,  it  does  not 
.appear  that  there  were  any  apprehenfions  during 
that  time  of  its  pointing  otherways  than  due 
^orth  and  fouth. 

The  variation  of  the  compafs  is  faid  to  have 
■jbeen  firfl:  difcovered  by  Columbus,  in  his  voy- 
'■     -  Aa  4  age, 
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age,  the  latter  end  of  the  fifteenth  century,  for 
the  dhcovery  of  that  part  of  the  world  which 
is  now  called  the  Well  Indies.  But  the  firli 
perfon  who  difcovered  that  it  was  real,  and 
was  the  fame  to  all  needles  in  the  fame  place, 
is  generally  allowed  to  be  Sebaftian  Cabot. 
This  was  about  the  year  1 49 /» 

After  the  variation  was  difcovered  by  Cabot, 
it  Vvas  thought,  for  a  long  time,  to  be  invariably 
the  fame,  at  the  fame  places,  in  all  ages  ;  but 
^/ir.  Gellibnmd,  about  the  year  1625,  difco- 
Tered  that  it  was  4ifeent,  aj;  different  times, 
in  the  fame  place. 

If  a  needle,  which  is  accurately  balanced, 
a;ri  fmpended,  fo  as  to  turn  freely  in  a  vertical 
plane,  be  rendered  magnetical,  the  north  pole 
'Will  he  deprdffed,  and  the  fouth  pole  elevated  above 
the  horizon  ;  this  property,  which  is  called  the 
dip  of  the  needle,  was  difcovered  by  Robert 
Norman,  about  the  year  F576. 

It  is  clear,  that  the  magnetic  power  exerts 
itfelf  in  two  manners  on  a  compafs  needle ;  by 
one  force  it  is  direfted  towards  the  mag-netic 
meridian  ;  by  the  other,  it  forms  an  angle  with 
t|ie  horizon. 

The  pofition  of  a  dipping  peedle,  when- at 
feft  in  the  magnetical  meridian,  is  called  the 
piagnetical  line. 

Various  kinds  of  round  magnets,  termed  Te- 
reilas,  have  been  conflru6led  with  a  view  to 
fnveitigate    the   phoenomena  of  the  variation, 

and 
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s-ad  the  dip  of  the  needle,  by  ohferving  the  po- 
iition  of  a  compafs  at  different  parts  of  the  Te- 
rplla,  and  comparing  thel£  pofitions  with  the 
obferved  Hate  of  the  magnetic  needle  on  the 
earth.  Little  progrefs  has  been  made  with  thefe 
on  account  of  the  imperfedtion  of  their  conftruc^ 
tion;  .one  hjiSj  however,  been  invented  by 
Mr.  Magellan,  which  bids  fair  to  be  of  real  ufe, 
in  difcovering  the  laws  by  which  thefe  myile- 
ripus  properties  ar-e  regulatedo  It  will  be  found 
that  moil  of  the  phcsnomena  attending  the  di- 
reftion  of  the  needle,  correfpond  to  what  hap- 
pens to  a  needle  placed  on  the  Terella. 

About  the  year  1722  and  1723,  M,r.  George 
Graham  made  a  great  number  of  obfervations 
en  the  diurnal  variations  of  the  magnetic  needle. 
In  the  y€ar  1750,  Mr.  Wargentin  took  notice 
o€  the  regular  diurnal  variation  of  the  needle  ; 
and  alfo  of  its  being  diflurbed  at  the  time  of 
an  aurora  borealis.  About  the  latter  end  of  the 
year  1756,  Mr.  Canton  began  to  make  obferva- 
tions on  the  variation,  and  1759  communi- 
cated the  following  valuable  experiments  to  the 
Royal  Society. 

The  obfervations  were  made  by  him  for  605 
days,  on  574,  out  of  thefe,  the  diurnal  varia- 
tion was  regular.  The  ahfolute  variation  of  the 
fieedle  wejlward,  was  encreafin^,  from  about  8  or 
9  o'clock  in  the  mornings  till  ahout  i  or  1  in 
the  <{fternoon,    when  the   needle    became  fla- 

tionar'if 
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tionary  for  fome  time  ;  after  that,  the  variation 
xvellward  was  decreafing,  and  the  needle  came 
l)ack  agam  to  its  former  fituation  in  the  night, 
or  by  the  next  morning. 

The  diurnal  variation  is  irregular  when  the 
needle  moves  Jlowly  eajiward,  in  the  latter  part  of 
the  mornings  or  wejlward  in  the  latter  fart  of 
the  afternoon  ;  alfo  when  it  moves  much  either  way 
after  nighty  or  fuddenly  both  wap  in  a  fhort  time, 

Thefe  irregularities  feldom  happen  more  than 
once  or  twice  in  a  month,  and  are  always  ac- 
companied with  an  aurora  borealis. 

The  attractive  power  of  a  magnet  will  de- 
creafe  while  it  is  heating,  and  encreafe  \vhile 
it  is  cooling  ;  the  greater  the  force  of  the  fame 
magnet,  the  more  it  will  lofe  in  a  given  de^ 
gree  of  heat. 

Experiment      I. 

About  ENE  from  a  compafs,  a  little  more 
than  three  inches  in  diameter,  Mr.  Canton 
placed  a  fmall  magnet  two  inches  long,  half 
an  inch  broad,  and  three^twent.ieths  of  an  inch 
thick,  parallel  to  the  magnetic  meridian  i,  a;ad  at 
fuch  a  diitance,  that  the  power  of  the  fouth  end 
of  the  magnet  was  but  juft  fufficient  to  keep  the 
north  end  of  the  needle  to  the  NE  point,  or 
to  45  degrees^ 

The 


ON      MAGNETISM.       -^6^^ 

The  magnet  being  covered  by  abrafs  weight 
©f  fixteen  ounces,  about  two  ounces  of  boiling 
water  was  poured  into  it,  by  which  means  the 
magnet  was  gradually  heating  for  feven  or  eight 
minutes ;  and  during  that  time,  the  needle 
moved  about  three  quarters  of  a  degree  weftr 
ward,  ajid  became  ftationary  at  44°  ^;  in  nine 
minutes  more,  it  came  back  a  quarter  of  a  dcr 
gree,  or  tp  44°  ^ ;  but  was  fome  hours  before 
it   gained  its   former    iituation,  and   Hood   at 

Experiment      II. 

On  each  fide  of  the  compafs,  and  parallel  to 
*he  magnetic  meridian,  he  placed  a  Itrong  mag^ 
net,  of  the  fize  above-mentioned ;  fo  that  the 
fouth  ends  of  both  the  magnets  afled  equally 
on  the  north  end  of  the  needle,  and  kept  if  in 
the  magnetic  meridian;  but  if  either  of  the 
magnets  was  removed,  the  needle  was  attradecj 
by  the  other,  fo  as  to  .Hand  at  45  degrees^  The 
magnets  were  both  covered  with  brafs  weights 
^f  fixteen  ounces  each.  Into  the  eaftern  weight 
about  two  ounces  pf  boiling  water  was  poured  ; 
and  the  needle  in  one  minute  moved  half  a  de- 
grecj  and  cpntimued  moving  weftward  for  about 
feven  minutes,  when  it  arrived  at  2°  -I-  It  was 
then  flationary  for  fome  time;  but,  in  twenty-, 
four  minutes  from  the  beginning,  it  came  back 
%0  2°  Ij  and  ji)  fifty  njinutes  to  2^  ^,    He  then 

fille4 
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filled  the  wellern  weight  with  boiling  water^  and 
in  one  minute  the  needle  came  back  to  i°  i.;  in 
fix  minutes  more  it  flood  half  a  degree  eafl- 
ward ;  and  after  that,  in  about  forty  minutes, 
it  returned  to  the  magnetic  north,  or  its  firil 
Situation. 

It  is  evident,  that  the  magnetic  parts  of  the 
earth  in  the  north  on  the  eaft  fide,  and  the  mag- 
netic parts  of  the  earth  in  the  north  on  the  wefl 
iide  of  the  magnetic  meridian,  equally  attraft 
the  north  end  of  the  needle.  If  then  the  eaftern 
magnetic  parts  are  heated  fafter  by  the  fun  in 
the  morning,  than  the  weftern,  the  needle  wil! 
move  wcltward,  and  the  abfolute  variation  will 
eLc:eafe ;  when  the  attrafling  parts  of  the  earth 
on  each  fide  of  the  magnetic  meridian  have  their , 
lieat  encreafing  equally,  the  needle  will  be  fla- 
tionary,  and  the  abfolute  variation  will  then  be 
gfcatefl ;  but,  when  the  weflern  magnetic  parts 
are  either  heating  fafler,  or  cooling  flower  than 
the  eaflern,  the  needle  will  move  eaflward,  or 
the  abfolute  variation  will  decreafe  ;  and  when 
the  eaftern  and  weftern  magnetic  parts  are  cool- 
ing equally  faft,  the  needle  will  again  be  fla- 
tionary,  and  the  abfolute  variation  will  then  be 
leafl.  This  may  be  flill  further  illuflrated,  by 
placing  the  compafs  and  two  magnets,  as  in  the 
lafl  experiment,  behind  a  fcreennear  the  middle 
of  the  day  in  fummer ;  then,  if  the  fcreen  be 
fo  moved,  that  the  fun  may  fhine  only  on  the 
eaflern  magnet,  the  needle  will  fenfibly  vary  in 

its 
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Its  direction,  and  move  towards  the  weft  ;  and 
if  the  eaflern  magnet  be  Ihaded,  while  the  furi 
ihines  on  the  weftern,  the  needle  will  move  the 
contrary  way*  By  this  theory,  the  diurnal  va- 
riation in  the  ftimmer  ought  to  exceed  that  iii 
the  winter  5  and  we  accordingly  find  b"y  obfet-' 
vation,  that  the  diurnal  variation  in  the  months 
of  June  and  July,  is  almoil  double  that  of  De^' 
cember  and  January. 

The  irrep-ular  diurnal  variation  mufl  arife 
Jroim  fome  other  caufe  than  that  of  heat  com*" 
municated  by  the  fun ;  and  here  we  mufl  have 
recourfe  to  fubterranean  heat,  which  is  gene-*' 
rated  without  any  regularity  as  to  time,  'and 
which  will,  when  it  happens  in  the  north,  af- 
fect the  attradiive  power  of  the  magnetic  partsj 
of  the  earth  on  the  north  end  of  the  needle* 
The  Reverend  Dr.  Hales  has  a  good  obferva- 
i^ion  on  this  heat,  in  the  Appendix  to  the  fecond 
Volume  of  his  Statical  Effays^  which  I  Ihall 
here  tranfcribe^  "  That  the  warmth  of  the 
*'  earth,  at  feme  depth  under  ground,  has  an 
^*  influence  in  promoting  a  thaw,  as  well  as 
-'  the  change  of  the  weather  from  a  freezing  to 
^^  a  thawing  ftate,  is  manifeft  from  this  obfer- 
*•*  vation;  viz.  Nov.  27^  ^73^>  ^  little  fnow 
^  having  fallen  in  the  night,  it  ^vas,  by  eleven 
^'  the  next  morning,  moftly  melted  away  on 
^'  the  furface  of  the  earth,  except  in  feveral 
<*  places  in  Buihy-Park,  where  there  were 
**  drains  dug,  and  covered  with  earth,  where 

''  th» 
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**  the  fiidw  continued  to  lie,  whether  thofd 
''  drains  were  full  of  water^  or  dry ;  as  alfo 
""  where  elm-pipes  lay  under-ground;  a  plain 
""  proof  that  thefe  drains  intercepted  the 
*'  warmth  of  the  earth  from  afcending  from. 
*'  greater  depths  below  them  ;  for  the  fnow  lay 
**  where  the  drain  had  more  than  four  feet 
*'  depth  of  earth  over  it.  It  continued  alfo  to 
*'  lie  on  thatch,  tiles^  and  the  topg  of  walls." 

That  the  air  neareft  the  earth  will  be  mofl 
warmed  by  the  heat  of  it,  is  obvious ;  and  this 
has  frequently  been  taken  notice  of  in  the  morn-^ 
ing,  before  day,  by  means  of  thermometers 
at  different  diftances  from  the  ground,  by  the 
Reverend  Dr*  Milesy  at  Tooting,  in  Surrey ; 
and  is  mentioned  in  p.  526,  of  the  48th  volume" 
of  the  Philofophical  Tranfaftions* 

The   aurora  bOrealis,  which   happens  at  the' 

time  the  needle  is  dillurbed  by  the  heat  of  the' 

earth,  is  fuppofed  to  be  the   eledricity  of  the 

iieated  air  above  it  ;  and  this  will  appear  chiefly 

in  the  northern. regions,  as  the  alteration  in  the 

heat  of  thofe  parts  will  be  greateft.     This  hy- 

potheiis  will  not  feem  improbable,  if  it  be  con- 

lidered,  that  eledtricity  is  now  known  to  be  the 

caufe  of  thunder  and  lightning,  that  it  has  been 

,  cxtraded  from  the  air  at  the  time  of  an  aurora 

borealis ;  that  the  inhabitants  of  the  northern 

countries  obferve  the  aurora  to  be  remarkably^ 

ilrong,  when  a  fudden  thaw  happens  after  fe-- 

vere  cold  weather  ;  and  that  the  curious  in  thefe 

matters 
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iiaatters  are  now  acquainted  with  a  fubftance, 
that  will,  without  friftion,  both  emit  and  ab-^ 
forb  the  electrical  fluid,  only  by  the  encreafe 
or  diminution  of  its  heat  ;  for  if  the  Tourmalin 
he  placed  on  a  plane  piece  of  heated  glafs,  ot 
metal,  {o  that  each  fide  of  it,  by  being  perpen- 
dicular to  the  furface  of  the  heating  body,  may 
be  equally  heated,  it  will,  while  heating,  have 
the  elcdtricity  of  one  of  its  fides  pofitive,  and 
that  of  the  other  negative  ;  this  will  likewife  be 
the  cafe  when  it  is  taken  out  of  boiling  water, 
and  fufFered  to  cool ;  but  the  fide  that  was  pofi- 
tive while  it  was  heating,  will  be  negative  while 
k  is  cooling,  and  the  fide  that  was  negative^ 
will  be  pofitive. 
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THE  beft  double  jointed  filver    fpe£la- 
cles  with  glaiTes  — 

The  bcft  ditto  with  Brazil   pebbles 
Single  joint  filver  fpedtacles  with  glalTes 
Ditto  with  Brazil  pebbles  — -• 

Double  joint  fteel  fpe£lacles  v^ith  glalTes 
Another  fort  of  ditto  —  — 

Beft  fmgle  joint  fteel  fpe61:acles  — 

Ditto  inferior  frames  — •  -> 

Nofe  fpeilacles  mounted  in  filver 
Ditto  in  tortoifefhell  and  filver  — 

Ditto  in  horn  and  iieel  — 

Spectacles  for  couched  eyes 
Spectacles  with  fnades 
Concave  glafles  in  horn  boxes  for  fhort  fighted 

eyes 
Ditto  mounted  in  tortoifefliell  and  fdver,  pearl 

and  filver,  in  various  manners,  and  at  dif-^ 

ferent  prices 
Reading  glaffes,  from  2s.  6d.  to  220 

Opera  glaiTes,    from  los.  6d.  tO'  2     2     o. 

Ditto  of  an  approved  conftruCtion  *  i     i     o 

Concave  and  convex  mirrors  m  frames,  from 

7s.  6d.  to  —  —  18  18     a 

Telefcopes  of  various  lengths,  fizes  and  prices 
Tdefcopes  to  ufe  at  fea  by  night  -*«*•  i  i  r     6 
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Acromatic  profpedls,  from  15s.  to  ♦—         2  12  6, 

Acromatic  telefcopes,  with  brafs  drawers, 
which  may  be  drawn  out  at  once,  and  that 
fhut  up,  conveniently  for  the  pocket,  from 
2I.  I2s.  6d.  to  —  —  13  13     0 

An  optical  vade  tnecum,  or  portable  acroma- 
tic telefcope  ana  microfcope,  for  tranf- 
parent  and  opake  objeils,  &^c.  from  3^  13s. 
6d.  to  —  —  4  14    ^ 

A  thirty  irich  acromatic  telefrope,  different^eyc 
pieces  for  terreflrial  and  celeftial  objedts, 
from  8 L  8s.  to  —  —  ir   il  O 

Ditto  with  rack  work 
An  acromatic  telefcope,  about  three  feet  and 

£n  half  long,  with  different  eye  pieces  18   18     O 

Hefleiling  telefcopes,  of  all  the  various  fizes 
A  three  foot  refledling  telefcope  with  four  mag-? 

nifying  povvers 
A  ditto  with  rack  work  — r  36  15     O 

A  two  foot  reflecting  telefcope,  with  rack  work 

and  foui  magnifving  powers         —  21     O     0 

A  two  foot  reflecting  telefcope  with  two  mag- 

nifyino;  powers  *— —  -^         12  12     O 

An  eighteen  inch  ditto  — .-.  §80 

A  twelve  inch  ditto  —  """5     5     0 

Double  iefledling  microfcopes,  from  3I.  13s.  6d. 

to  —  —  —  2100 

]pllis':  aquatic  microfcope  —  220 

Wilfon's  microicore,  improved  —  2126 

Adams'  lucern.a  microfcope  for  opake  and 
traiiipare.ic  ooje^rs,  being  the  mofl:  perfedt 
inftrumem  of  the  kind  hitherto  contrived, 
affording  mort  entertainment  and  inftruc- 
tion  thin  any  other  miqrofcope  —      2100 

Sclav  micrcfcopes  — .  5     S     O 

gitto  for  opaJte  objects  —  16  16     O 

it^-  —  r—  21     O 

Pamera  cbfcuras,  from  12s.  to  —  7     7 

Glafs  prifms,  from  ys,  6d.  to  -?;  2     2 
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Geographical  and  Aftronomical  Inftruments. 

Adams's  new  eighteen  inch  globes  mounted  in 

the  mo'ft  approved  form,  from  9I.  9s.  to  27  o  0 
Ditto  in  the  Ptolemaic  or  common  manner  660 
Ditto,  twelve  inches  in  diameter,  mounted  ia 

the  bell  manner,  from  5I.  5s.  to             -          6  16     6 

Ditto  in  the  common  manner               — •             3  3     c> 

An  armill'ar^  di^illing  fphere                —             40  o     o 

"Manual  orreries,  from  il.  is.  to             —          3  ^3     ^ 

A  planetarium,  tellurian,  &  lunarium                31  10     o 

Orreries,  from  70L  to             •                  lOOQ  O 

Adams's  improved  equatoreal  dial,  or  portable 

obfervatory,  from  7I.  17s.  6d.  to                    31  lo 
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Horizontal  fun  dials,  from  5s.   to  12   12     O 

Univerfal  ring  dids,  from  7s.  6d.  to  3     3 
Tranfa  inftruments 

Aftronomical  quadrants,  from  50I.  to  Soo     o 

Mathematical  and  Surveying  Inflraments. 

Cafes  of  drawing  inftruments,  from  7s.  6d.  to 

Neat  magazine  cafes  for  inftruments 

Elliptical  compafles  —  — 

Beam  tompafles  with  divifions,  ^c. 

Triangular  compafles  — •  II 

Adams's  fe£loral,  elliptical,  and  callipper  com- 
pafles in  one  inftrument,  from  4I.  14s.  6d.  to     g     9 

Adams's  protracting  parallel  rules,  and  uni- 
verfal  plotting  fcale 

Protractors,  feClors,  fcales,  parallel  rules,  &c. 

A  new  inftrument  for  taking  perfpeClive  views, 
&c.  —  -- 

A  ditto  for  afcertaining  points  •?— 

Another  inftrument  for  taking  views 

Pantographers,  from  2I.  2s.  to  — 

Plain  tables,  from  31.  13s.  6d,  to 

Theodolites,  from  4I.  4s.  to  «— 

A  neat  portable  theodolite,  «■ — ■ 

Adams's  improved  double  theo<^olite,  exceed- 
ing, for  accuracy  and  utility,  every  former 
kind,  from  12I.  12s,  to  — — — 

Meafuring  wheels,  from  61.  63.  to 

Circumfeienter,  front  2L  %%,  to        — — 


12 

12 

0 

z 

12 

6 

5 
6 

S 
6 

0 

0 

U 

H 

0 

31 

10 

0 

8 

18 

6 

3^ 

10 

P 

iO 

10 

0 

5 

15  6 
Phi- 

ir       :     A      CATALOGUE,    kz, 

Philofopbical  Inflruments. 

f,'    s.    is 
Improved  electrical  machines,  from  3l.j3s.6d, 

to  —  40     o     o 

Electrical   machine   and  apparatus,   in  a  box, 

from  61.  i6s.  6d.  to  — — »  I2      12     • 

EleClrical   machines,  with  a  feleCled  appara- 
tus, in  a  box 
Batteries,  and  ail  other  parts  of  an  eleClrical 

app?-ratus 
Small  fingle  barrelled  air  pump 

Small  double  ditto  .     4  14     6 

A  larger  ditto  6166 

A  table  air  pump  30  10     o 

A  large  {landing  air  pump  -■■-■  ■  31    10     o 

Apparatus  to  an  air  pump,  from  4I.  45.  to         30     o     O 

Barometers  — ■  220 

Ditto  —  — —  2  12     6 

t  Barometers  and  Thermometers,  from  3I.  3s.  to  550 

E  Marine  barometers 

Thermometers,    in   mahogany   boxes,    from 

il.  IS.  to III     6 

Ditto  with   Reaumur  and  Fahrenheit's   fcale 

Botanic  thermometers O   18     O 

Thermom.eters  for  b  re 'vers,  from  I2s.  to  2   12     6 

Hygrometers,  from  los.  6d.  to  —  3136 

An  apparatus  with  the  mechanic  powersj  com- 

piifec'  iti  a  fmall  and  neat  form  -. 21     o     O 

Ditto,  fitted  up  on    a  larger  fcale,  with  im- 
provements 
An  apparatus  for  making  experiments  on  acce- 
lerated, retaideJ,  and  rotatary  motion 
A  magnetical  apparatus  from    5I.    15s.  to         10  lO     O, 
Kydrocl-ftic  apparatus,  from  2I.  J2s.  6d,  to     Jo  10     Q 
Conduclors  for  fhips   to  preferve   t}>em  from 

lightening  — — ,.  . — .       5     5     O 
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